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pF-Water Relation and Pore Size Distribution in Delhi Soil 

and Jumna Sand 

K. SuBBA RaO, P. T. RAMACHABIitr AND P. S. TALWAB 

Defence Science Laboratory, Ministry of Defence, New Delhi 

The porosity of soils has been a subject ofextensi^^e study by numerous workers 
Porosity is related to the amounts of water held by a soil at zero and higher tensions an 
als^hf pemeability of soil, for water. Learner and Lutz (1940) have studied the pore . 

size distribution in different soils and soil separates in relation to permeabilrty. Baver 
(1938) has studied the pF-water curves of a large number of soils and has arrived at impor- 
tant conclusions relating permeability and the characteristics of pF-wa er curves. 

A study of the pF- water relation and pore size distribution in Delhi 
sand has been made and the relation between these properties and permeability has 
been studied in this paper. 

MATEBIAL AND METHODS 

Soil • The Gangetic alluvial soil of Delhi which was used in an earHer mve8%a- , 
collected. 

Tensiometer techniaue : The tensiometer technique, described by Eichards (1949) 

taH. method, of 

noticed. ^ , 

srSSiK." tiSSCs: “ 

Ethe removal of entrapped air from soil is normally complete by about 24 hours. 

Tlip zero reading of the tensiometer was taken by adjusting the water 
centre of ^rporoS After taking the zero reading, the water table was 
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removed and the drainable water was allowed to dram ott tbrougn ine per^eu 

Two days after the removal of the water table, the first temion reading was taken and at 

+>>A Hfl-me time a samnle of the soil was removed for determining water content. The soi 

drying. For nearly 6 hours before taking 

the tension riding and removal of the soil sample, the can was covered to check evapOTa- 
£n ™te to afoid non-uniformity in water distribution i? the entire soil bulk Ihe 
RoTwl S kent open for a day to facilitate the removal of water by evaporation and 
Lain covered fo^ about 6 hours fw the attainment of equilibrium before the next reading 
was taken. The measurements were continued in this way. Each experiment lasted owr 
n to 4 weeks Collection of air bubbles was noticeable only after a tension of 
of mtreorr was teaohed. Ncatlj 16 to 20 point- ware obtained in each eiperimont md only 
Sr.TS,rL.ho™ in theVpi- Duplicate eaperimente “I** 

cases to ensure reproducibility of the results. According to Richards (1949), if the diameter 
L the mercury reservoir bulb is more than 10 times the diameter of the mercury wlnmn 
in the tensioiiter, the fluctuation in the level of mercury in the reservoir I 

the tensiometer used in this work, the diameter of the mercury reservoir bulb was 40 tunes 

the diameter of the capillary. 


Fig. 2— Apparatus for measuring 
soil water at zero tension 


Fig, 1 — ^Tensiometer 

Determination of soil water at zero tension : For determining the soil water at zero 
tension, the method of oven drying a sample of the soil taken frona the surface while keep- 
ing the water level at the surface of the soil was consistently giving higher and unsteady 
values. Therefore an alternative procedure was adopted. It consisted in employing a 
glass cylinder with a side tube at the bottom (Fig. 2), A column (same as the soil column 
in the tensiometer experiment) of known weight of soil was taken over the perforated 
metallic disc covered with a filter paper. The soil was compacted. Water was allowed to 
pass through the soil (column for about 20 hours in the same way as in the tensiometer 
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experiment. The water table was kept at the surface of the soil by adjusting the side tube 
and the apparatus weighed. The weight of glass cylinder with water level at the porous 
disc was also determined. The weights of the cylinder with and without soil column being 
known, the percentage of water in soil at zero tension was calculated. The accuracy of this 
measurement was ±0.5%. From these experiments, the tension-water and pF-water 
relations were obtained for Delhi soil and Jumna sand and have been shown in Fig. 5 and 3. 


,005 


Percentage water of saturation value at zero tension 
Fig. 3 — Water-tension relation in Delhi soil ( x ) and Jumna sand (o) 


0 fo ao 30 ^0 fo W 

Weight of water per 100 c.c. of soil ( # ) and sand (O) ^ ^ ^ 

Fia. 5— pF- water relation in Delhi soil (#) and^Uinna^|aii^1(6)^ ^ 

: I 
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:tr^wb'SrKXSo.™rin«».i«.Jot . p.mt, of th. .»te.v». 

was taken as the inflexion point. 

sand 



Snsflff of soil and sand were determined as follows. 

t glass *ube witk flat edges^nd^^^ fflleTidth soil or sa: 

covered with a ij„ fiy^n p' a paper cylinder tempo: 

£S|&5fe-5S£.?S 

^ijroflhttaht aTd^ta a— My was calculated. The 

riaiVii «r.il fl.Tid Jumna sand are shown in table 1. 


Table 1 


Premeability 
coeff. for 
■water in 
I cm. per 
hour 


Weight of 
water per 
100 cc. at 
inflexion 
point 


Weight of I 
water per 
100 cc. at 
j&ero tension 


pp of in- 
flexion 
point 


Porosity 

factor 


Apparent 

density 


Jumna 

sand 


’rom the tensiometer studies mth soil the percentage 

i,e dram (Kg- 5 ."-1 3hs^.**''‘?Lt„CSe'Sl^t ™to plotted against 

”tC« r*? 

,„ calculated (LeMner and Lnte, 1940) from the capillary rise formula, h 
icomes, d=-f where ‘d’ is the dtameter of the pore in mm. mid V the tenrion 

oissieJStS'. arw“r5tJt« «nSd 
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DISCUSSION 


Tension-water relation : The tension- water relations in Delhi soil and Jumna sand 
have been indicated in Fig. 3. There is a distinct difference between the two curves. The 
pore volumes in the soil and sand are denoted by the amounts of water held by 100 cc. of 
each of these at zero tension and these are 50.44 gm. and 43.72 gm. respectively. Of 
these pore volumes only 6.5% remain filled in sand at 100 cm, tension and 67.5% in soil at 
the same tension. Further at 500 cm. tension only 1% of the total pore volume remains 
filled in sand whereas in soil as high as 31% of the total pore volume is filled with water. 
The total pore volumes at zero tension in soil and sand do not differ appreciably, but with 
increasing tension there is an increasing disparity between the percentage fractions of the 
total pore volumes which remain filled with water. This disparity is due to the fact that 
the pore size distribution in the two systems is not the same. 

Pore size distribution : From the tension- water curves of soil and sand, the per- 
centage fractions of the total pore volumes made up of pores between any two diameters 
can be taken and indicated against the pore size limits (Fig. 4). The pore size distribution 
against the pore volume is shown in the figure 4. In the soil nearly 60% of the total pore 
volume is made up of pores of diameter less than 0.02 mm. whereas in sand nearly 60% of 
the total pore volume is made up of pores of diameter between 0.2 mm. and 0.05 mm. In 
other words, major portion of the pore volume in soil is made up of fine pores and in sand 
of wide pores. This distinct difference in the pore size distribution in Delhi soil and Jumna 
sand is indicated in a very striking way in the pictorial diagram (Fig, 4). 


Jumna sand 


Pore diameter in mm. 

Fig, 4 — ^Pore size distribution in Delhi soil and Jumna sand 


pF- water relation : Baver (1938) has made an extensive study of the pF- water 
relation in a large number of soils and has drawn certain important generalizations. 
According to Baver, the amount of water withdrawn from zero tension to inflexion point 
represents the total non-capillary pore volume and that the permeability of a soil for water is 
directly proportional to this quantity and inversely proportional to the pF of inflexion point. 
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The pF- water relations in Delhi soil and Jumna sand have been indicated in' Fig. 5; 
The positions of the inflexion ■ points are. . also indicated in the curves, ^ The amounts of 
water contained at zero tension and ' at inflexion point and the pF; of inflexion points are 
shown in table 1. ■ The weights of water per 100 cc. of soil' and sand withdrawn from :zero 
tension to inflexion point are 20.94 gm. and 19.72 gm, respectively,: The pF' values of 
inflexion points in the two systems are '2.15 and 1.36 ' respectively. Though there is no 
appreciable difference in the amounts of water withdrawn from zero tension to inflexion 
point, it is the marked difference in pF values of inflexion points that accounts for the 
difference in permeabilities of the two systems. The permeability coefficient for water of 
soil is 5.6 cm./hr, and for sand 143 cm,/hr. 

Permeability coefficient and porosity factor : According to Baver, the permeability of 
a soil is proportional to the porosity factor which is defined as the ratio of the amount of 
water withdrawn from zero tension to inflexion point and the pF of inflexion point. 
Porosity factors have been calculated for Delhi soil and Jumna sand and they are 9.74 and 
14.50 respectively (table 1). For sand, both the permeability coefficient and the porosity 
factor are high and for soil, they are low. Porosity factor includes the combined effect of 
both the non-capiilary pore volume and the pF of inflexion point, 

■ SUMMAKY 

By employing the tensiometer technique, the tension- water and pF- water relations 
in Delhi soil and Jumna sand have been studied. From the tension- water relations, the 
pore size distributions in the soil and sand have been determined. 

By employing the permeability technique, the permeability coefficients lof soil and 
sand for water have been measured. The relation between permeability coefficient and 
porosity factor has been indicated. 

Pore size distribution and the capacity for water at zero tension are different in 
Delhi soil and Jumna sand. In sand, the pores are all wider and in soil, they are finer* 
Correspondingly the permeability coefficient of sand is high and that of soil is low. 
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Effect of Compost Prepared with Superphosphate on Crop Yield 

W. G. Waltojkar AND C, N. Achabta 

Indian Agricultural Research Institute, New Delhi 

Several workers have reported that the addition of humified' orsanic matter l,-t» 

f to minimi^ the fixation of 

™ insoluble forms in the soil (Swenson, Cole and Sieling 1949- Struthpr<» 
and Siehng, 1950) and shows better crop response than the application of phosphate alone 
to the soil Copeland and Merckle, 1942 : Midglev and Dunklee 1 94'? • ’nno - a 1 
1950. Dalton. Eussell and Smling, 1952 ; GoSK Rafam't&f 
efFect of compost plus phosphate mixtures in the above cases may be due to the nitroven 
compost. Laboratory experiments carried out by the writers (unpublished 
®tiservations of previous workers that the fixatim of super- 

Biimigthe‘L™iho»puS'w“h TOulmentid 

/77 pv/»«/^w \ ^ during the khartf sea,son of 1963 and in the second series, berseem (TrifoUum 

fl/exa«(fnKam) was grown as the test crop during the rail season of 1953.54. ■' 

“ctliods of preparing compost plus superphosphate mixtures were tried Tn 
mPTitPd\^!f ^ wastes (dung, urine and litter mixed together) were first fer- 

mented for a period of four months and at the time of application to ^the soil the 
was mixed with a defined dose of superphosphate. In thVseS Le the awTs^ff 

cattle-shed wastes before fermentation and the 
mixture was allowed to ferment for a period of four months and then annlied to the Roil 
The experimental details are given belw. ^ 

EXPEEIMENTAL 

Compost {A) prepared Without the addition of superphosphate 

• \ of mixed cattle-shed wastes (consisting of a mixture of cattle-dun» 

^ ft. in length, 2 ft in bread^ 
and 3 ft. in depth. The refuse material was well mixed initially an^ samples were taken 
out for analysis. Since the mixed refuse contained a sufficiency of moistime (61 2°/*) no 
extra water was added. A temperature of65°— 60°C was attained in a week’s time. ’ At 
the end of two months fermentation, the mass had shrunk down to a volume two-thirds of 

turning in the cistern itself, along with the addition 
of 50 lbs. of water and allowed to ferment for a further period of two months. At the end 

for^anaS**’ compost mass was taken out, thoroughly mixed, weighed and sampled 
Compost {B) pepared with the addition of superphosphate 

nr,» to the above, but after placing each 

one-foot layer of the mixed refuse in the cistern, the mass was dusted with 2^1b of 

phosphate powder (total P3O5 17.22% and water-soluble P2O5 16.46%). Pour aimnaT . 
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layers were similarly placed above and' dusted" with, superphosphate. 600 lb. of mixed 
refuse and 8 lb. of superphosphate were added in all. In. the present case also, the compost 
was given a good turning at the end of 2 months and after another 2 ^months® fermentation, 
the mass was taken out, well mixed, weighed and sampled for analysis. 

The analytical data obtained with the two sets of composts are given in table L 

Table 1' ■ 


Analysis of refuse material and composts prepared 


Particulars 

Mixed refuse 
used for 
compost- 
making 

Compost-A 
(without super- 
phosphate) 

Compost -J3 
(with siq>per- 
phosphate) 

1. Fresh weight 

Ib. 

600 

264 

280 

2. Moisture 

per cent 

61.20 

48.62 

CLS2 

3, Total dry matter 

ib. 

194.0 

135.6 

. 140.1 

4, Per cent carbon on dry matter 


29.95 

18.35 

'18.28 

5 . — do — nitrogen — do — 


1.106 

1.420 

1.450 

6 . — do — Pg O 5 — do — 


0.683 

0.940 

L 88 

7, Total quantity of carbon 

lb. 

58.12 

24.88 

25.61 

8 . — do — nitrogen 

ib. 

2.146 

L926 

2.032 

9. —do— Pa O 5 ... 

Ib. 

L325 

1.275 

2.634 

10. C/JST ratio 


27.09 

12.92 1 

12.61 


The data show that the addition of superphosphate did not appreciably affect the 
nitrogen content of the resulting compost. This was possibly due to the fact that the 
original mixed refuse contained a sufficiency of phosphate to meet microbial reqnirenients 
and for ensuring effective nitrogen conservation, A comparison of the total quantities of 
PgOs contained in composts (A) and (B) shows that the difference, viz : L369 lb. PgOg could 
be accounted for by the 8 lb. of superphosphate added to Compost (B), which contained 
1,378 lb. total BgOg. 

Pot experiments with marua {Eleucine coracana)—Kharif season 1953 

The soil used was a sandy loam from the Indian Agricultural Research Institute 
experimental area and analysed as follows : — 

Table 2 


Analysis of soil 


Mechanical analysis* 

(Per cent on oven-dry basis) 

Chemicai analysis* 

(Per cent on oven- dry basis) 

coarse sand 


4.6 

Total nitrogen 

0.052 

Fine sand 

' *€« 

71.8 

Total P *05 

0,056 

Silt ... 


12.5 

Available O 5 


Clay ... 

• •• 

10,3 

( 1 % citric acid) 

0.0056 




CaO 

0.688 

pH 

7.3 


C/N ratio 9.42 
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30 lb. lots of the soil were used for each pot and 5 pots were used for each of the 
following treatments (i) No manure ; (2) Compost-A (prepared without superphosphate 
addition) at 5 tons dry matter per acre ; (3) Superphosphate alone (equivalent to the 
content of 5 tons of Compost-A ; (4) Gompost-B (refuse and superphosphate fermented 
together) at 5 tons dry matter per acre ; and (5) Compost-A, (5 tons per acre) and super- 
phosphate mixed at the time of application to the soil (total PjjOg equal to treatment 4), 

The quantities of manures added to the pots under different treatments and the 
quantities of plant nutrients contained in them are shown in table 3. 

Tabije 3 


Mamrial treatments 


Treatment 

Manure added per pot 
(3a lb. sod) 

Total N added 
in manure 
(gm.) 

Total Pg O 5 
added in 
manure 

(gm.) 

IsTo. 1 . 

No. manure 


nil 

nil 

No. 2 . 

76.2 gm. Compost-A 


1.082 

0.716 

No. 3. 

4.16 gm. Superphosphate 


nil 

0.716 

No. 4. 

76.2 gm. Compost- B 


1.105 

1.432 

No, 5, 

76.2 gm. Compost-A plus 





4.16 gm. Superphosphate 


1.082 

1.432 


Six plants of mama were grown in each pot and after four months growth, when 
the plants were ripe, they were harvested and the grain and straw were weighed separately 
and samples taken for analysis. The yield data for the different manurial treatments, are 
shown in table 4. 


Table 4 


Y ield of mama (Ekucine coracana) 

Average yield in gm, per pot {mean of 5 replicated pots) 


Treatment 

Grain 
(dry wt.) 

Straw 
(dry wt.) 

Total dry 
matter 

1 . No manure ... 

7.4 

23.8 

31.2 

2. Compost-A (5 tons dry matter per acre) ... 

10.3 

33.0 

43.3 

3. Superphosphate alone (PgOg equal to treatment No. 2) 

8.9 

30.8 

39.7 

4. Compost-B (5 tons dry matter per acre) (refuse and super 




fermented together) 

12.3 

41.6 

54.1 

5. Compost-A plus- super mixed at time of application to 




soil (total PgOg and N equal to treatment No. 4) 

10.3 

32.6 

42.9 

Standard error ... ... 

0.35 

1.73 

3.18 


In table 4, treatments 2 and 3 contained the same quantity of total P^ O5. The 
somewhat higher yields of grain and straw obtained in treatment 2 (Compost-A) as compar- 
ed to treatment 3 (superphosphate alone) is presumably due to the additional effect of 
nitrogen contained in the compost manure. Treatments 4 and 5 contained equal levels of 
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nitrogen and phosphate and the higher yields obtained ; in treatment 4 is probably due to 
difference in availability of the superphosphate in the two treatments, ^ In order: to examine ^ 
this point further, the plants grown under the different treatments were analyzed for^ their 
phosphate content and the total quantity of phosphate absorbed ' by them from the soil ' 
m as calculated. The data are presented in table 5. 

Tabijb 5 , 

Uptake of phosphate by mama {Eleucine coracana) 


Average per pot (mean of 5 replicated pots) 


Treatment 

Percentage of P^Og in 
dry matter 

Total uptake of PgOs (in grams) 


Grain 

Straw 

Grain 

Straw 

1 Total 

L No manure 

0.6365 

0.1163 

0.0471 

0.0277 

0.0748 

2. Compost-A 

0.6407 

0.2630 

0.0660 

0.0864 

0.1526 

3. Superphosphate (PjOg equal to 
treatment No. 2) 

0.6967 

0.2230 

0.0531 

0.0687 

■,0.1213.: 

4. Compost-B (refuse and super 
fermented together) 

0.7310 

0.3414 

0.0899 

0.1420 

0.2320 

S. Compost-A mixed with super at 
time of application (PaOg & N 
equal to treatment No, 4) ,,, 

0.7466 

0.3028 

0.0769 

0.0987 

0.1756 

Standard Error ... ... 

V. ■ ■ , . ^ ■, 1 

0.0184 

0.0071 

0.0022 

0.0039 

0.0052 


The data show that (a) Along with an increase in the supply of phosphate to 
the soil (cf treatments 4 and 5 against 1, 2 and 3} there is an increase in the percentage of 
P 2 O 5 in both grain and straw, as well as an increase in the total quantity of PgOg absorbed by 
the plant and stored in the above tissues, (b) Between treatments 2 and 3, which contain 
the same quantity of total P^Og, treatment 2 (Compost-A) shows a higher percentage of P^Og 
in grain and straw, as well as a higher total absorption of PgOg stored in the above tissues, 
(c). Between treatments 4 and 5, which contain equal quantities of nitrogen and phos^ 
phate, treatment 4 in which refuse plus superphosphate mixture was fermented before 
application to the soil, gives a higher total absorption of P^Og in grain and straw, as com- 
pared to treatment 5 in which the refuse was fermented separately and the fermented 
product was mixed with superphosphate Just at the time of application to the soil. 

Pot experiments with berseem (Trifolium alexandrinum) 

These were carried out in the rabi season of 1953-54 on lines similar to the experi- 
ments carried out with marua (Eleucine coracana) detailed above. Berseem was sown 
towards the end of October 1953 and the first cutting was taken when the plants were two 
months old. Succeeding cuttings were taken at monthly intervals. In all, 4 cuttings were 
taken. The weights of the cuttings obtained from the different treatments are shown in 
table 6 . 
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Weight of berseem cuttings {dry weight) 
Average yield in gm, per pot {mean of 5 replicated pots) 


The results obtained with berseem are similar to those obtained with mania, 
viz : — {a). Compost- A gives a higher yield of berseem cuttings than an equivalent quantity 
of super-phosphate, the difference being presumably due to the effect of nitrogen contained 
in the compost; ( 6 ) a mixture of refuse and superphosphate fermented together (treat- 
ment 4) gives a higher crop yield than the addition of superphosphate to the soil along with 
the compost fermented separately (treatment 5). 

The cuttings were analysed for their content of O 5 and the total uptake of 
phosphate by the berseem plants per pot was calculated. The results are presented in 
tables 7 and 8 , 


Phosphate content of berseem cuttings 
(Mean of 6 replicated pots) 


Treatment 


1 . Ko manure 

2. Compost-A 

3. Superphosphate (P 2 C 5 equal to treatment No. 2) 

4. Compost-B (refuse plus super fermented together) 

5. Compost- A mixed with super at time of 

application to soil (PaOg & N equal to 
treatment No. 4) 

Standard Error ••• 


Percentage of 

35 in dry matter 

1 st cutting 

2 nd cutting 

3rd cutting 

4th cutting 

0.6499 

0.6166 

0.6366 

0.3667 

0,6429 

0.6172 

0.4822 

0.5716 

0.4942 

0.6308 

0.4882 

0.5767 

0.4941 

0.4978 

0.4805 

0.6100 

0.6845 

0.6017 

0.5948 

0.6016 

0.0124 

0.0156 

0.0132 

0.0164 


Treatment 

1st Cutting 

2nd Cutting 

3rd Cutting 

4th Cutting 

Total 

■ T, , ' No, manure , ... 

0.6 

1.2 

4.6 

2.1 

8.4 

. 2. - Conipost-A 

2.1 

6.4 

12.4 

5.3 

26.2 

3. Superphosphate (P 2 O 5 equal to 






treatment No. 2 ) 

1.7 

1.3 

14.5 

6.0 

23.5 

4. Oompost-B (refuse plus super 
fermented) 

5.1 

9.7 

16.4 

7.0 

38.2 

6 . Compost-A mixed with super 
at the time of application to 
the soil (P 2 O 5 & N equal to 






treatment No. 4 ) 

2.6 

5,8 

15.7 

6.9 

30.0 

Standard Error 

0.09 

0.79 

0.61 

0.39 

1.15 
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Table 8 

Uptake phosphate by bersem 
(Uptake per pot — mean of 6 replicated pots) 


j 


I 


Total PaOg (in g.) in the cuttings per pot 


Treatment 



Ist cutting 

2 nd cutting 

3rd cutting 

4th cutting 

Total 

cuttings 

I. Ko manure 

0i0033 

0.0074 

0.0241 

0.0077 

0.0425 

2. Compost- A 

0.0114 

0.0395 

0.059S 

0.0303 

0.1410 

3. Superphosphate (P 2 O 5 equal to 
treatment No. 2) 

0.0084 

0.0082 

0.0708 

0.0346 

0.1220 

4 . Compost- B (refuse phis super 
fermented together) 

0.0252 

0.0483 

0.0788 

0.0427 . 

0,1950 

6 . Corapost-A mixed with super 
at time of application to soil 
( PgOr, (fe N equal to treatment 

No. 4) 

0.0152 

0.0349 

■ ■ 'i 

' """ 

0.0934 

0.0355 

0.1790 

Standard Error 

0.0006 

0.0019 

0.0036 

0.0023 

0.0068 


The data show that the percentages of PgOs in the dry matter of the cuttings 
(Table 7) do not show any consistent variation with the treatments, but the total quantity 
of P2O5 taken up by the plants (table S) shows a definite increase with increasing quanti- 
ties of phosphate added to the soil [vide treatments 4 and 5 as compared to treatments 
i, 2 and 3). The difference between treatment 2 and 3 is, however, not significant in the 
case of berseem, while it was significant in the ease of marua (vide table 5). This could be 
explained on the basis that since berseem is a legume, the nitrogen contained in the 
compost (treatment 2) has no marked effect in increasing the absorption of phosphate by 
the plant. It may also be noted that berseem is a heavier feeder on phosphate than marua 
and as such may be able to absorb phosphate equally from compost and superphosphate. 
The difference in the total quantity of phosphate absorbed in treatments 4 and 5 is algo not 
significant. 

DISCUSSION 



The results of the two series of pot experiments show that the application of super- 
phosphate alone to Delhi soil under examination gave a lower increase of crop yield than 
the application of compost manure containing the same quantity of phosphate. The 
difference could be explained as due to the effect of the nitrogen contained in the compost. 

It was also observed that a preliminary fermentation of cattle-shed refuse plus 
superphosphate before application to the soil gave a higher crop yield than the application 
of superphosphate to the soil along with separately fermented refuse material. The superior 
effect of ‘composted^ superphosphate is explainable on the basis that the mixing of refuse 
and superphosphate before composting leads to a vigorous microbial development through- 
out the mass, as a result of which the superphosphate particles are brought into more 
intimate contact with the humus produced in the compost, than what is ];)ossible by a 
mechanical mixing of superphosphate with separately prepared compost material. Such 
fermented ‘humus-superphosphate complexes* probably resist fixation by the soil minerals 
to form insoluble compounds and heiice the phosphate is available for absorption by the 
plant to a greater extent than in a meehanical mixture of compost and superphosphate 
applied to the soil* 
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The present experiments were carried out on Delhi soil, which is moderately rich 
in total and available P2O4 table 2), It is possible that the beneficial effect of 
'composted’ superphosphate may be seen still more clearly in soils low in available P2O5 and 
of high phosphate fixing capacity red and lateritic soils. Some trials carried out in 
Mysore (Govinda Rajan, 1953) showed that a mixture of farmyard manure and superphos- 
phate gave higher crop yields than the application of superphosphate alone ; but in the 
above experiments, the effect of a preliminary fermentation of cattle-shed refuse and 
superphosphate mixture was not examined. While carrying out such fermentation of 
cattle-shed refuse with superphosphate, it is of course necessary that sufficient available 
nitrogen in the form of cattle-urine or other sources is added, in order to promote rapid 
microbial action and abundant formation of active humus. 

: SUMMARY - 

Pot experiments carried out on a neutral sandy loam soil from Delhi, growing 
marua {Eleucine comcawa) and berseem {Trifolium alexandrinum) that the application 

of compost manure gave higher crop yields than superphosphate containing an equivalent 
quantity of P2O5. The difference is attributed to the effect of nitrogen contained in the 
compost. 

A mixture of cattle-shed wastes and superphosphate fermented for a period of 4 
months, gave higher crop yields than the application of an equivalent amount of superphos- 
phate to the soil along with an equivalent amount of compost fermented separately. The 
reasons for the superior manurial effect of such fermented mixtures of refuse and super- 
phosphate are discussed. 
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Improvement of Phosphate Availability in the Laterite Soils of 
^ Nilgiris by the Application of Silico-phosphate 

A. MaEIAKULANDAI, S. VeNKATACHALAM, and T. RaJAGOPALA IyENGAPv 
Agricultural Research Institute, Coimbatore^ Madras 

^'Silico-phospliate” or ^'silico-siiperphospliate’’ or ‘‘Serpentine superphosphate’’ 
are the names given to the fertiliser obtained by fusion of mixture of one part of ground 
serpentine (hydrated magnesium silicate) with three parts of freshly made superphosphate. 
Crowther and Lea (1946) in England, however, use the name “silico-phosphate” for their 
product obtained by sintering mineral phosphate, soda ash, and sand in the persence of 
steam at 1300 to 1400 using powdered coal for fuel as in the ordinary cement manufac- 
ture. The fertiliser is, therefore, in essence made up of silica and phosphate. Birch (1948) 
Crowther and Lea (1946) have indicated from their experiments with this typo of fertiliser 
that it is superior to commonly known phosphatic fertiliser like superphosphate, basic slag 
and rock phosphate for soils of the acid igneous group. 

In the Nilgiris district of the Madras State, the soils are acidic and lateritic in 
nature. About 20,000 acres in this area are cultivated to potatoes. The analysis of a 
typical soil from this tract is given in table 1. Bata presented in table 1 show that the 
soil has a high content of iron and aluminium oxide and a low content of lime with its pH 
on the acid side. Bue to these factors, any soluble phosphate added to these soils gets 
immobilised and becomes unavailable to the plant. Consequently, a very high dose of 
available PgOg in the form of superphosphate to supply 200 lb. of PgOg per acre has been 
found to be necessary to keep up the good yields of potatoes in this tract and thus making 
the cost of manuring potatoes exhorbitantly high. 

Tab3:.e 1 

Composition of the lateritic soil of Nanjajtad {Nilgiris) 


4.3 to 5.0 


per cent 


Constituents 


pH 

Moisture 
Loss on ignition 
Insoluble mineral matter 
Iron {FegOa) 

Alumina (AlgOa) 

Lime (CaO) 

Magnesia (MgO) 

Total 

Total potash (K^O) 

NagO 

SO3 

CO2 

Nitrogen 
Available P 2 O 5 
Available K^O 
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The following correctives have been tried by other workers to prevent the reversion 
of phosphates In this type of soils : (1) Liming, (2) fertilizer placement, (3) pre- 
treatment of seed by soaking in a 5 per cent solution of K 2 HPO 4 before sowing, and (4) 
application of organic matter. These- correctives have had some partial effect (Birch 1948, 
Sanyasi Eaju et aL 1954), but did not seem to hit the crux of the problem as the manure 
biirof the potato farmer would be increased and not decreased by all these further opera- 
tions. In fact, even a high dose of lime at two tons per acre failed to shift the pH of the 
soil to any appreciable extent or to improve the yield (Sanyasi Kaju et ah 1954). 

There has been some indication in literature (Hall and Morrison, 1906; Toth, 1939; 
Lawes, 1951; Reifenberg and Buckwoid, 1954) that silicates influence the assimilation of 
phosphorus. As mentioned earlier, since the application of silico-phosphate fertiliser was 
reported to be good in England (Crowther and Lea, 1946) for soils of the acid igneous 
group, it was proposed to study whether there was any beneficial effect of this fertiliser on 
the acid soils of the Nllgiris and, if so, whether silica had any part to play in inducing the 
beneficial effect. Hence sodium siloate and silico-phosphate were tried separately on 
potted soils from the Nilgiris in comparison with the regular superphosphate usually 
applied by the potato growers of Nilgiris. 

MATERIAL AND METHODS 

The material for the present investigation consisted of a well mixed sample of sur- 
face soil from the Agricultural Research Station at Nan janad in the Nilgiris. The soil was 
sampled out into sixteen glazed pots and given the treatment as given in table 2 . 

'Tab.le.' 2''. , 


Plan of the experiment 


Treatment 

Soil alone 

Soil 4- Lime 
(lime at 3000 lb. 
per acre) 

Soil + green, 
manure (green 
manure at 7500 
lb. per acre) 

Soil + Lime 4* 
green manure 

No treatment 

Sodium silicate at lOOO lb. per 

Pot No. 1 

Pot No. 5 

Pot No. 9 

Pot No. 13 

acre 

Superphosphate at 180 lb. 

' ■ » , ■ 2 

» 6 

„ 10 

» 14 

of available per acre 

Silico-phosphate at 180 lb. 
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« IS 

of available PgOg per acre 

4 

>* 8 

„ 12 

16 


The treatments were so laid out as to bring out (1) the effect of sodium silicate, 
(2) the effect of silico-phosphate, (3) the effect of lime, and (4) the effect of organic matter 
and combinations of these. The soil was maintained throughout the experiment at a 
moisture level of 50 per cent of its water holding capacity. The dosages of fertilisers and 
amendments w'ere calculated per acre to tillage depth, viz., 9 inches. Green manure and 
lime additions were based on optimum dosages of 3000 lb. of lime and 7500 lb. of green 
manure arrived at for the leterite soils of Pattambi in Malabar from the trials conducted 
from 1950 to 1952 (unpublished data of the chemistry section, Agricultural Research 
Institute, Coimbatore). The superphosphate used in the experiment was ordinary '*super’’ 
containing 18.71 percent water soluble PgOg. Fresh leaves of Gliricidia maculat were 
used for green manure. As no commercial sample of silico-phosphate was available in the 
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market, a mixture of calcium phosphate, sodium siliesrtie and magnesium oxide in the pro- 

Lr ^ 11^0 degrees centigrade in an electric oven and utilized 

for the experiment as “sihco-phosphate.” This had a citrate-soluble PA of 13.03 percent 

. The potted soil used in the experiment was analysed for available P„Or initiallv 
and immeciately after treatment and also subsequently every fortnight for a period of 2 
months. The atmlysis for available PjOg was done in the air dry soil by Troiuf’s colo"^ 
(Troug and Meyer, 1929 ; Mariakulandai and Venkatachalam, 1954) usinf^ 
Sd Ld ^ developed. Moisture was also esti- 

were also noted expressed on oven dry basis. The pH of the soils 

a TuorUfipd wfT*® nutrient status under the different treatments, 

iF^^ni X r. (Neubauer and Schneider, 1923) was conducted with ragi 

(Eleuctne Corocana) at the end of the two months of experimentation. Equal number of 

cofdMom sown m the differently treated pots and grown under standard green house 

srowth of /b J seedlings analysed for phosphorous uptake. The 

growth of the seedlings under the different treatments were also photographed. ^The height 
and dry weight of the seedlings were also noted. i' S i neignc 

EESULTS AND DISCUSSIOJf 

P n 1 (?) P^Os h analysis : The results of the periodic analysis for available 

th^trSitoir presented in table 3 along with the pH of the soils after 


Tabus Z 


Available in soils drawn from the silico-phosphate studies {Expressed as mg.llOOg. of soil) 


Treatments 


I. Control series 

1. Control 

2 . Sodium silicate 

3. Superphosphate 

4. Silico phosphate 

II. Lime series 

5. Control Lime 

6. Lime + sodium silicate 

7. Lime H- superphosphate 

8. Lime -f silico-phosphate 

III. Green manure series 

9. Green mature 

1^* ff + sodium silicate 

11* + superphosphate 

12. „ 4 - silico-phosphate 

IV. Lime-h Green manure series 

13. Lime + green manure 

14. St + s, + sodium silicate 

1^>* ff -r „ + superphosphate 

16. ,, -f „ -f silico-phosphate 


Available P 2 O 5 in soils drawn on | 

19.1.54 

1.2.54 

17.2.54 

5.3.54 

22.3.54 

6.54 

7.16 

7.46 

7.41 

6.88 

6.77 

6.97 

6.33 

6.49 

6.47 

7.41 

9.67 

7.88 

8.04 

8.14 

15.45 

. 

14.38 

13.75 

14.02 

12,60 

7.60 

8,33 

7.14 

7.41 

7.60 

6.20 

7.78 

7.45 

6.29 

6.04 

6.03 

9.47 

9.12 

7.91 

7.61 

18.69 

13.52 

13.89 

13.87 

12.83 

6.56 

6.23 

6.75 

6.48 

6.87 

6.75 

6,33 

7.37 

6.69 

6.36 

9.34 

9.86 

8.51 

6.96 

7.60 

13.19 

21,48 

12.77 

12.26 

11.35 

6.95 

6.75 

6.96 

6.18 

6.35 

7.37 

6.75 

7.15 

6.49 

7,52 

8.99 

11.10 

9.23 

7.31 

8.98 

13.17 

15.16 

15.45 

13.40 

12.40 


pH 


5.75 

5.25 

5.55 

5.55 


5.40 

5.55 

5.55 

5.60 


5.55 

5.35 

5.25 

5.35 


5 55 
5.60 
5.60 
5.65 
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The results show that; (1). by silico-phosphate application the phosphoric acid avail- 
able to the plant after incorporation- of the fertiliser into the soil was nearly double that 
obtained by addition of superphosphate at the same level. (2) The soluble PgOg in 
superphosphate which was added at the same rate of 180 lbs. available P-^Os per acre as in 
the case of silico-phosphate got immobilised immediately on addition and was not available 
to the plant. (3) This immobilisation of the available P^^Og took place immediately on 
application and continued to be at the same level throughout the period of experimenta- 
tion. (4) Application of sodium silicate did not alfect the available (5) Lime and 

green manure did not materially alter the available PgOg nor even the pH of the soil 

(b) Available as adjudged by plant growth response : The growth response as 
adjudged by (1) the height of the plant, (2) total dry weight of the plant, (3) the total ash 
weight of the plant, and (4) the net phosphorus uptake of the plant at the end, of 18 days 
of growth of ragi in pots under standard green house conditions. The data are presented 
in table 4. 


Growth response and phosphorus uptake of ragi seedlings of 18 days growth 


Total 

Total ash uptake of 

(gm.) P 2 O 5 

(mg-) 


Maximum Total dry weight 
height in grammes 
(cm.) (dried at lOC^C) 


Series I --Control series 


Control 

Sodium silicate 
Superphosphate 
Silico -phosphate 

Series II— Lime series 


5. Lime 


+ sodium sHcate 
-f superphosphate 
, 4* silico-phosphate 

Series III-- -Green manure series 


0. Green manure 

10. „ + sodium silicate 

11. 4 superphospate 

12. „ * 4 silico-phosphate 

Series IV— Lime and green manure 

IS. . Green manure and lime 

14, 4 - w 4" sodium silicate 

15, M 4 superphosphate 

16, ,> 4- 4* silico-phosphate 


The photographs of the ragi plants at the end of IS days of growth are presented 
in figure 1 showing the growth response under the 16 diiferent treatments, 

Sitioo-phosphate treated pots record the best growth response as compared to the 
Other treatments* Sodium silicate induces a slightly better growth response than the 
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PLATE I— GBOWTH RESPONSE OF RAGI SEEDLINGS 


SERIES I — Control Series 


SERIES II— Lime Series 
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control, but, is not as good as superphosphate or silico-phosphate treated pots. The treat- 
ments in the descending order of merit are as follows : {a) silico-phosphate, (b) superphos- 
phate and (c) sodium silicate. 

Lime, either by itself or together with organic matter, is able to improve the growth 
as also the phosphate uptake by the ragi plant in only the superphosphate treated pots. 
Organic matter by itself, is not able to influence either the growth or the phosphorus up- 
take of the plants. * 

Silicon as sodium silicate has given a slight response in growth but not to the 
extent that phosphate fertilisers have given in this study. Hence, as contended by Scarseth 
(1935), complete substitution of the phosphatic fertiliser by silicon is contra-indicated by 
this study on the laterite soils of Nanjanad. The role of soluble silica in the release of the 
orthophosphate ion has been discussed by Reifenberg and Buckwold (1954). The silica 
release reaction was said to be affected by the phosphate concentration, the solution,: 
soil ratio and time, while neutral silicate in solution was similarly able to release the 
fixed phosphate from the soil. It is to this property of soluble silicates that its 
benefit to soil fertility is attributed. But in the present experiment, the addition of 
soluble silicate did not reveal any benefit to the available P2O5 though it recorded a slightly 
better growth test over the control. The best effect was seen only when straight silico- 
phosphate was used . 

In the laterite soils of the Nilgiris where it has, time and again, been noticed that 
any added soluble phosphate becomes rapidly immobilised and not available to plants 
this effect of the silico-phosphate fertiliser in increasing the phosphate availability is a 
welcome solution to the age old problem of reducing the manure bill of the potato farmer. 

The correctives like lime and' organic matter used in this experiment, though tried 
at doses found beneficial in a similar laterite soil of Pattambi of south Malabar, failed to 
benefit the soil of the Nilgiris. Nor couid it change the pH. This is in conformity with 
our experience since 1935 with the soils of Nilgiris when one to two cwt. doses of liming had 
been tried with no effect on the yield or pH of the soils at the Agricultural Research 
station, Nanjanad. So, in 1950-52 a heavy dose of 2 tons of lime per acre (Sanyasi Raju, 
■Varadarajan and Kunjamma, 1954) was tried. Even this uneconomic dose of 2 tons of 
lime per acre failed to affect the pH or the yield. Hence it was thought best to look into 
other avenues for solving the problem of phosphate fixation in the Nilgiri soils. This pre- 
liminary investigation reveals that silico-phosphate hits the crux of this problem (1) by 
bestowing phosphorus in a form which cannot be immobilised by the free iron and alumina 
of these lateritic soils and (2) by reducing the farm operation to a single manurial commit- 
ment, thus reducing the manurial bill considerably. 

SUMMARY 

This article embodies the results of a preliminary investigation undertaken to study 
the effect of soluble silica on the release of phosphates and the possible utilization of the 
effect in the solution of the age-old problem of immobilised phosphates in the lateritic soils 
of the Nilgiris, South India. This investigation had as its ultimate object the reduction of 
the manure bill of the Potato grower in the Nilgiris, who had to apply nearly 200 ib. of 
P2O5 per acre as against the 23 lb. of P2O5 which the potato crop removed per acre. The 
P2O5 added was fixed by the free iron and alumina sesquioxides present in high amounts in 
these lateritic soils and very little of the applied PgO^ was actually available to the potato 
plant. 



22 


JOtJENiX, OF MB IKDXAK BOCimt OB SOIX SCIlNCl 


[¥ol III 


With this objective, typical lateritic soil was obtained from the Agricultural 
Eesearch station, Nanjaiiad in Nilgiris and treated in 16 different glazed pots with silico- 
phosphate, superphosphate, sodium silicate, lime and green manure, so as to bring out (i) 
the effect of sodium silicate, (2) the effect of ‘%ilieo~pIiosphate^'— a fertiliser containing 
soluble silicate, and P2O5, (3) The effect of lime, and (4) the effect of green manure. 

Available P2^5 analysed by Troughs method periodically for two 

months in the difterent treatments. Plant growth response and uptake of phospliorus ‘were 
noted at tlie end of 2 months using Ragi as test plant and the results of the experiment 
indicate the following important points : 

(a) Soluble silicate by itself was able to induce some slight growth response and 
phosphorus uptake over the control but was not as good as the ^‘superphosphate or sliico- 
phosphate” treated pots. 

{b) The treatments in the descending order of merit were as follows : (2) Silico- 

phosphate, (ii) Superphosphate and {Hi) Sod^ium silicate. 

(c) The soluble P2O5 in the superphosphate got immobilised immediately on 
addition to the soil and was not available to the plant, but lime was able to correct this to 
some extent and give a better growth and phosphorus uptake while organic matter did not 
materially affect the trend of results in this direction. 

(d) The silico-phosphate by itself was able to give the highest available P^Og in 
contact with the soil and yield the best growth and phosphorus uptake in plants. Lime 
and organic matter did not affect the phosphate availability either for or against, wlien 
silico-phosphate was added. 

Silico-phosphate, therefore, seemed to be the best phosphatic manure suitable for 
the lateritic soils of the Nilgiris requiring neither lime nor organic matter as correctives 
as in the ease of superphosphate treated soils. 
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Changes in Soil Associated with the Growth o£ Cactus 

{Opuntia dilleni) ■ 

Aehiswae Sen AND Daljit Singh 

Indian Agricultural Research Institute, New Delhi 


Roots of plants have been known to be responsible, to some extent, for disintreva- 
tionofrocbs which form the parent material of soils developed on them. The extreme 
economy of moisture by OpaMlm and the adoptability of its root system to different soil 
conditions have been worked out in detail by Cannon (1918 ; 1925). The root system of 
thorny plants like has been ascribed by Khan (1932) to be responsible for forma- 

tion ot loose sandstones from granite and trap rocks. It is not known, if the reported 

fertility of soils freshly reclaimed from wild growth of OpMwffa on poor gravelly soil is due 

weathering of soils under the cactus than that under common cultivated crops 
With less intensive root system. It was considered worthwhile to make a study of the 
changes brought about in ordinary soils by the growth of cactus. During the present 
investigation, phj^sical and chemical properties of soils from four different places each 
having soil under cactus and soil without vegetation adjoining the former in an 
uncultivated area, were determined. It was expected that the results of determinations 
would throw light on the precise changes brought about by the growth of cactus in the 


MATERIALS AND METHODS 

The soils of the region where the localities had been chosen for collection of soil 
samples, are alluvial mixed with gravel in different proportions and the sieved soils are 
generally loams. They are slightly alkaline in nature. Inspite of their sandy nature, they 
develop high degree of stickiness when moistened with water. In summer the’ fields 
develop large cracks with compact blocks of soil between the cracks. It has been a general 
observation that soils of the areas, where cactus has been growing wild for a number of 
years, are generally loose and friable and working the soils with mechanical impliments 
IS quite easy. v 

surface soils (0 — 1 ft.) from each locality were collected. One was under cactus 
and the other without any vegetation in the immediate neighbourhood. The soils were 
obtained from four localities. 

Percolation rate was determined by packing as uniformly as possible, 10 c.c. of soil 
m a 50 c.c. burette, the bottom of which was filled with cotton wool. 40 c.c. of water were 
added and the volume of percolate in an hour was noted. It was evident that by this 
method only approximate and comparative figures were obtained. Chemical and mechani- 
cal constituents were determined by the usual methods (Piper, 1942). 

RESULTS AND DISCUSSION 

The detailed results of the determinations of ohemicaland physical constituents of 
soils under cactus and no cactus are given in table 1 . 
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Table I 

A. Mechanical co?nposition of the soils 
(Expressed as per cent on oven diy basis) 


i Locality 

Description of the soil 

Sands 

sat 

Clay 

1 

Without cactus 

50.S1) 

10.71 

20,40 


With cactus 

70.4S 

12.60 

10.92 

, - 2 

Without cactus 

■ 65.98 

20.85 

1347 

. 

With cactus 

66.52 

20.82 

0.66 

3 

Without cactus 

68.85 

17.25 

14.40 , , 

I ' 

With cactus 

74.05 

14.82 

10.23 

4 

'Without cactus 

65.83 

24.57 

O.fiO 

V 

With cactus 

72.52 

21.00 

6,48 


I- 


B, Chemical composition of the soils 
(Expressed as per cent on oven dry basis) 


Locality 

Description of the soil 

Organic 

carbon 

Organic 

nitrogen 

Total 

b.e.c. 

(m.e.) 

Exch. 

Ca 

(m.e.) 

pH 

Total 
soluable 
salts (mg.) 

■ ! " 

1 

Withoixt cactus 

0.9X 

0.065 

8,05 

3.25 

8.2 

72.9 


With cactus 

0,87 

0.079 

4.55 

1.25 

7.8. 

105.6 .. 

's % 

Without cactus 

0.87 

0.061 

7.60 

3.50 

S.O 

127.4 


Vvith cactus 

1.04 

0.094 

4.20 

2.25 

7.4 

165.1 


Without cactus 

1.39 

0.089 

0.43 

3.75 

8,1 

73.2 


With cactus 

1.08 

0.099 ' 

5.42 

4.00 

7.4 

132.9 

4 

Without cactus 

1.29 

0,092 

6.75 

4.25 

8.0 

113.6 

r 

With cactus 

1.80 

0.114 

4.94 

3.25 

, 7.6 

153.8 


C. Soluble constituents of the soils 
(Expressed as mg, per cent on oven dry basis) 


Locality 

Description of the 
soil 

HCOa 

Cl 

SO 4 

Ca 

Mg 

K 

isTa; 

1 

Without cactus 

36.6 

5.3 

6.7 

15.0 

L2 

L2 

6.6 


With cactus 

61.8 

3.5 

5.1 

20.0 

1.2 

1.2 

"" 12.6 

2 

Without cactus 

67.1 

8.8 

9.0 

20,0 

1.2 

0.4 

: 20.9 


With cactus 

91.5 

7.0 

10.9 

20.0 

3.0 

0.4 


3 

Without cactus 

36.6 

2.6 

9.6 

16.0 

1.5 

0.4 

■.■, 7 . 5 :'.;' 


With cactus 

73.2 

3.5 

11.9 

25,0 

1.2 

0.4 

17.7'':."- 

4 

Without cactus 

64.1 

2.6 

9.0 

25.0 

1*2 

0.4 



With cactus 

91.5 

4.4 

6,6 

30.0 

1.0 

0.4 

11.9 
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B. Silica-alumina and silica-sesquioxide ratios of clay obtained from the soils 


Locality 

Description of tbe soil 

SiOJAljOa 


''l, ' 

Without cactus ... 

S.69 

3.20 


With cactus ... 

5.78 

4.95 


Without cactus ... 

4.91 

4.29 


With cactus 

5.55 

4.83 

■ 3' ; 

Without cactus 

3.50 

2.89 


With cactus 

3.50 

3.00 

4 ' 

Without cactus ... 

3,96 

3.37 


With cactus ... ... 

4.63 

3.76 


E. Rates of percolation through the soils (average of two determinations) 
(Expressed in c.c. per hour) 


Locality 

Description of the soi 1 

Percolation rate 

1 

Without cactus 

29 


With cactus 

35 

2 

Without cactus 

27 ' 


With cactus ... ... 

29 

3 

Without cactus ... ... 

6 


With cactus ... ... ... 

17 

4 

Without cactus 

15 


With cactus ... 

28 


In table 2 are given the mean values of different constituents of the soils, bare and 
under cactus, along with their standard errors. 
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Table 2 

Composition of the bare soils and adjoining soils under cactus at the surface 
(Constituents expressed as per cent on oven dry basis) 



±SEd 


Mechanical composition 


Sands 

Silt 

Clay 


Organic carbon 
Organic nitrogen 
Total exchange capacity (m.e.) 
Exchangeable Ca (m.e.) 

.pH- ■ 

Total soluble salts (mg.) 


65.01 

20.60 

14.39 


72.62 

— 7.6i 

3.32 

2,29 

18.81 

1.79 

2.77 

0.64 

8.57 

5.82’*' 

1.41 1 

4.13 


Chemical composition 


l.H 

1.20 

—0.00 

0,07 

0.078 

0,095 

—0.017* 

0.004S 

7.21 

4.78 

2.43* 

0.61 

3.69 

2.69 

1.00 

0.47 

8.08 

7.65 

0.43** 

0.063 

96.78 i 

139.08 

—42.30** 

6.00 


0.49 

3.66 

3.97 

2.14 

6.76 

7.05 



SiOJAlaOg 

Si 0 ,/(Al, 0 ,-f*J?e, 03 ) 


Percolation rate (cc./hour) 


4.02 

3.44 


4.86 

4.13 


Percolation rate 

19.25 I 27.25 


I —0.84 
I —0.69 


0.44 

0.36 


1.92 

1.92 


B.OO* I 2.48 I 3.22 


* Significant at 5 per cent. (Theo. value of t=3. 18) 

Significant at 1 per centi (Theo. value of t=5.84) 

It is clear from the data in table 2 that the amount of clay in the soil under cactus 
is significantly less than what is contained in the bare soils. This may be due to loosening 
of the soil aggregates by the intensive root system of the cactus and subsequent loss by 
transport of the clay from the root zones to other places. As the surface soils only %vere 
examined, it cannot be said with certainty if this movement of clay takes place to lower 
depths of the soil. The lower clay content of the soil under cactus may also explain the 
significantly higher percolation rates and the significantly lower base exchange capacity 
of these soils as compared with the ones without cactus. 


Soluble constituents 


O 

p 

B 


61.10 

79.50 

—28.50** 

2.81 

10.12 

Cl (mg.) 


4,83 

4.60 

0.23 

0.93 

0.24 

SO4 (mg.) 


8.68 

8.63 

—0.05 

1.20 

0.04 

Ca (mg.) 


18.76 

23.75 

-5.00 

2.04 

2.45 

Mg (mg.) 

... 

1.28 

1.60 

—0.32 

0.50 

0.66 

K (mg.) 

... 

0.60 

0.60 

0.00 

0.00 

0.00 

Na (mg.) 


11.58 

18.63 

—7.05 

2.44 

2,80 


Composition of the clay 
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_ While the difference in the organic matter content of the soils under no vegetation 
and those under cactus is not significant, the soils under cactus contain significantly higher 
amounts of nitrogen than the soils without them. It may mean that while the organic 
matter content of the soils is not expected to increase under cactus growth, the nitrogen 
content increases under it. It may be due to nitrogenous excretions from the roots' of 
the cactus. This has yet to be confirmed. The difference in the pH values of the soils 
under cactus and under no vegetation is highly significant. The lower pH in the soils 
under cactus may be explained by respiration of the intensive root system (Lundegardh, 
1924) which, in the case of the cactus may be appreciable (Weaver, 192(>). The increased 
salinity in the soils under cactus may be due to the same causes as carbon dioxide is known 
to have remarkable solvent action on soil minerals (Stewart and Martin, 1921 ; Metzgar 
1927). ® ’ 

_ The difference in the bicarbonate contents of the two groups of soils has been found 
to be highly significant and the fact that the soils under cactus have higher bicarbonate 
content than the soils without vegetation indicate that the soil mineral have come to 
solution mainly through the agency of carbon dioxide respired by the roots. 

The differences in the other constituents of the two groups of soils have not been 

found to be significant. It is felt that some of them might have come to light, had soils 
of a large number of localities been examined during the course of the investigation. 

SUMMARY 

From a study of the composition of the surface soils from four different localities 
growing cactus and of surface soils without vegetation lying adjacent to them, it has been 
observed that 

(1) growth of cactus in soils is associated with significant loss of clay probably by 
loosening of soil aggregates by the intensive root system. It does not affect any change in 
the organic matter content of the soils but increases significantly the nitrogent content,°and 

(2) growth of ca,otus induces lowering of base exchange capacity and pH of the 
soils and is associated with increase in salinity. That this increase in salinity in soils under 
cactus is due to solvent action, on soil minerals, of carbon dioxide respired by the roots is 
evident from the significant increase in the bicarbonate content of the soils under cactus. 
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Loss of Nitrogen in the Form of Ammonia from 
Water Logged Paddy Soil 

S. P. GtrpTA 

State Agricdtural Research Institute, Calcutta 

A Bengal is pushing ahead the consumption of anununium snlnhaf-ft fnr 

5Eti£frr { 1 

upon the amount of water present over the soil. (Wills and Sturvis IQAp;^ nW an/i * 

Si” ,. Soa rSt 

from it This tvne oHrSipt^^^ alkalimty of the soil, the larger is the loss of ammonia 

irom It. j.ms type of losses increases with an increase of temperature. 

^SS=s5r„--S 

^t“3rK5?SS“«*>S;fa 

hiche’s “ Standing water varying in depth from 2 to 3 

Is grrwn. consumption of fertilisers (Ikes place in thi areaf wS? 

MATEEIAL AN0 METHOD 

M„„Mdga 

litre ,Lr 

caraymg two glass tubes, were fitted to the mouth of the aspirator bottle Otia 
tubes pro ected about 3 inches below the rubber ston^r S w f; ? I 

nnected to a gas washing bottle cotaining sulphuric acid and dass beads to flKcin»»k 

iucommingai During thrcomiS expeJL^^^^^^^ 
towers was drawn through the aspirator bottle and^absorption 

I tube of the aspirator bottle was connected to a gas washing tower 
oontaming standard sulphuric acid and glass beads, the other end of thl.gas washi^towS 
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WATER 


SULPHURC 

AC!D 


STANOAR'O 


SULPHURIC 


SAHD 


Fig. 1 — ^Experimental unit for measuring the loss of ammonia from soil 


was connected to a filter pump which was worked slowly as shown in the Fig. 1. During the 
course of investigation, a slow stream of air was continuously drawn through the aspirator 
bottle. Thus the ammonia volatilized was absorbed in the second tower containing standard 
sulphuric acid. 

The aspirator bottles were first charged with a layer of coarse sand (4 inches) and 
then with soil and water* It was allowed to stand until the soil had settled, after which 
the supernatant water was slowly drained through the delivery tube below, and a depth of 
2 inches of water was maintained on the surface of the soil. In all, 6 kilograms of soil were 
used in each aspirator bottle. The aspirator bottles were wrapped with black paper up to 
the height occupied by the soil, so as to expose only the surface of the soil and water to 
sunlight. The aspirator bottles were placed outside laboratory in open air. The condi- 
tion at which the experiments were conducted resembled the condition occuring in the 
Aman paddy fields. Ammonium sulphate (0.18 g. of nitrogen added per bottle) correspond- 
ing to 60 lb. of nitrogen per acre was added on the surface of the treated soils, and air was 
con tinously drawn through the aspirator bottles and through the absorption towers. The 
ammount of ammonia volatilized was determined by back titration against standard alkali 
after 24 hr. intervals. This was continued up to 15th day. A blank was continuously 
run side by side for each set of experiment. The tests were run in duplicate and were 
repeated. The mean average temperature for each day was also recorded. 

RESULTS AHB DISCUSSION 

The amount of nitrogen volatilized as ammonia from Domkal surface soil under 
water-logged condition after the application of ammunium sulphate at 60 lb. of nitrogen 
per acre is recorded in table 1 . 

In the preliminary investigation conducted with the same soil, it was found that the 
amount of ammonia volatilized was greatly influenced by the temperature of the soil. At 
the same concentration of ammonium sulphate on the surface soil, there was more loss due 
to volatilization when temperature recorded was high than when the temperature was low* 
This confirms the observation of Martin and Chapman (1951). This may be due to the fact 
that the amount of nitrogen volatilized as ammonia is governed by the rate of evaporation 
of water from the soil surface. 
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Table 1 

Mg. of nitrogen volatilized as ammonia per day 


Amount of K volatilized 
as ammonia 


Percent, of the added N 
volatilized 


Mean temperature 
per day in 


Total 


NITROGEN LOST (mg.) 
MEAN TEMPERATURE (®P) 


-Loss of nitrogen as ammonia and variation of temperature 


Results (table 1 and Pig. 2) show that the losses were quite heavy during the first 
three days of investigation. Then, there was a sharp fall on the fourth day which 
continued up to fifth day. Prom the sixth day there was a steady rise as indicated in the 
graph indicating steady losses due to volatilization which continued up to seventh day. 
T^en there was a fall in the graph indicating less losses, which continued up to the end of 
the experiment. The experiments were discontinued on the 15th day as loss recorded 
beyond 16th day was negligible. 

Out of the 21.78 percent of the added nitrogen found lost in 15 days, a loss of more 
than 10 percent of the added nitrogen oocured in the first three days. The rest of the loss 
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by volatillmtion occiired in the next 12 days of investigation. Steenbjerg ( 1947) reported 
60 percent loss from soil fertilized with ammonium sulphate at pH 8.0 In four weeks, Daji 
(1934) working at Woburn found that up to 40 percent of nitrogen of young mustard or 
tare plant was lost from the soil in two months. 

The possible magnitude of losses of ammonia from application of ammonium 
sulphate in alkaline soil under growing condition of paddy and probable means to minimize 
this loss are under investigation and will be communicated in the next part of the paper. 

SUMMABY 

The investigation showed that when alkaline soil wUvS treated with ammonium 
sulphate, a large amount of nitrogen was lost as ammonia. This loss began immediately 
after the application of fertiliser and continued even after 15 days. In first few days, the 
loss was maximum. If fertilizers like ammonium sulphate are applied as top dressing to 
alkaline rice field, there will be losses due to volatilization of ammonia. 
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Influence of Fertilizers and Manures on the Content of Phytin 
and Other Forms of Phosphorus in Wheat and Their 
Relation to Soil Phosphorus 

B. N. SsivASTAVA, T. D. Biswas, and N. B. Das 
Indian Agricultural Research Institute, New Delhi 

nf ^ dominating position in the metabolism of plants. Studv 

of different forms in which this element exists in plants and their possible Sanies nnrS 
the influence of environmental or other external factors has drawn^coLiderable ^Ittenh^n 
during recent years. Some information of general nature is avaflablh on ®i r 

phosphorus by plants under the influence of fertilizer aid malu^ specM^ ?he ^bol 

^ references, no sy”S sSy il S recold 

influence of environmental conditions on the different forms of phosphorus in 
cer^l grams. In view of the recent trend in the use of large quantity ofToTZua 
nrfnlZ7f “ yield of food grains, it was considered of interest, both from the 

practical and academic points of view, to elicit such information with wheat as the S 

M^'niirial Experiments at Pusa, (Bihar) provided an excellent onriAr 

variation in the content of phytin and other forAs of phosphorus in wheat Sains as fo 
flucnced by phosphatic and other fertilizers and also to study any changes in these con 

stituents that might have taken place in relation to soil phosphorui ^ 

MATEBIALS AND MEIHODS 

1 1. ,, of eighteen samples of wheat grown in each of the eivbtf'Pn 

gotsCiacre each under different manurial and cultural conditions tetl perSSS 

carried out Aince°l 90*8 T t Pusa, Bihar. These experiments are being 

out since^lQOS to study the effect of manures, fertilizers and also the effects of 

rotation with and without green manures in the maintenance of soil fertifltv The details 

given in table 1 . Soil samples were collected from each of the corresDon'din? -nfot^ Kv 
the conventional methods of sampling. um eacn oi me correspondmg plots by 

Affi.-.i sampled by the method recommended by the Association nf 

Official Agncultural Chemists (1940) and followed in this laboratwy {D^“ SgaV 

Jnrl llimam® ""ff by til® colorimetric stannous chloride^methld (Dfokman 

Sefow^ f™"™” (‘936) id ptephoL in ft SrtSiS 

mbi^brpJrf«T(5?ir Jelbnblbtd by lie method dea- 

ft f T®t®'^Pb°®Pb°™s “ file soils were determined by Pemberton’s volumetric metbctt 

“JirtiiSTitSSL 
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RESULTS AND DISCUSSION 
Phosphorus in wheat grains 

In tabie 1 are presented the data on the content of total, phytin, inorganic, and 
acid-solnble forms of phosphorus in the wheat grains. 

Total phosphorus : The total phosphorus content of the grains varies from 0.241 
to 0,434 per cent, the lowest being in the grains from the f)lot receiving green manure and 
highest in those from the plot treated with all the inorganic fertilizers (NPK). The appli- 
cation of superphosphate, either alone or in combination with other inorganic fertilizers, 
has shown an appreciable increase in the content of total phosphorus over the control 
These results are in conformity with the reports of earlier workers (Mather, 1920 ; Vemia 
and Das, 1953 ; Chandrasekhara et ah 1953 ; Gupta and Das, 1954). The content of total 
phosphorus in the grains from the plots receiving organic manures, green manures or 
inorganic fertilizers excluding superphosphate, remains more or loss the same as compared 
to the control, even in certain cases the values fall short of the control, e.g., in the case of 
plots treated with grean manure and with a purely cereal rotation and green manure in 
rotation. The organic manures have apparently no effect on the uptake of total phos- 
phorus in grains. 

Phytin phosphorus : — Content of phytin phosphorus in wheat grains varies from 
0.104 to 0.232 per cent, the lowest being observed in the grains from the plot receiving 
green manure with a purely cereal rotation and highest in those from the plot receiving 
complete mineral fertilizers. The content of phytin phosphorus in wheat is almost pro- 
portional to the total phosphorus content and the effect of superphosphate, whether alone 
or in combination with other inorganic fertilizers and green manures, is quite marked as 
to the increase in the content of phytin as compared to the control. This definite increase 
in phytin content of wheat grain when treated with phosphatic fertilizers confirms some 
of the few earlier fiindings (Bains, 1949 ; Verma and Das, 1953 ; Fiijiiw^ara and MitsuhasM, 
1948} whereas it is contrary to the observation of Young and Greaves (1938) who did not 
find any such effect. 

Some interesting observations can be made from a study of the increase in phytin 
with respect to total phosphorus in grains obtained from different plots. Table 1, in 
which ratios of phytin to total phosphorus in grains have been compiled, shows that every 
treatment has increased the phytin content when compared to the average figure (41.6) 
for the controls, the exception being observed in the case of plots treated with potassium 
sulphate and with no green manure and no legume where the ratio of phytin to total 
phosphorus are 41.0. Here again, the effect is more pronounced in the case of plots 
receiving superphosphate either alone or in combination with other inorganic fertilizers or 
green manures, the highest ratio being recorded in the case of superphosphate plus 
annonium sulphate. Among the bulky organic manures, rape cake falls in line with 
phosphatic fertilizers and shows corresponding increase in phytin content when applied 
either alone or with farm yard manure. 

Inorganic phosphorus : — The inorganic phosphorus content of the grains sho%vs 
variation from 0.30 to 0.085 per cent. As in the case of total phosphorus, the phosphatic 
fertilization has shown an increase in almost all the cases except when in combination with 
green manure where the content is almost the same as in the grains from the check plots. 
Among the bulky organic manures, farm yard manure shows an appreciable increase, the 
heavier dosage showing more pronounced effect. The effect is still more evident in the 
case ofi combination with rape cake which alone does not show any effect whereas in 
combination it has increased this constituent. The other inorganic fertilizers and green 
manures do not show any increase. 


Table 1 

Contents of different forms of phosphorus in wheat grains 
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There is a corresponding increase in inorganic phosplionis in relation to total 
phosphonis in grains in almost all the cases except in two cases. One such is the plot 
receiving combined ammonium sulphate and potassium sulphate and the otlier is that 
receiving green manure with super. The relative increase In the content of inorganic 
phosphorus as compared to the control in some cases is about 40 to 50 per cent. This is 
found in the plots receiving farm yard manure alone or in combination witli rape cake and 
all the inorganic fertilizers, the only exception being the plot having sulphate of 
ammonium and potassium. 

Acid-soluble phosphorus : — The acid-soluble phosphorus includes phytin, inorganic, 
and ester type of phosphorus. The content of acid-soluble phos].)horus in grains follows 
the general ])attern of small increase in most of the eases over the control; |>Iios|)iuitic 
fertilizers, of course, resulted in more pronounced increase as compared to others. Among 
the organic manures, farm yard manure shows more increase, and even the dose may be a 
factor for this. Almost all the treatments show' a considerable increase in the content of 
acid-soluble phosphorus as compared to the total content of this element. The relative 
increase is more marked in the case of farm yard raanure{2A) as well as in the case of 
ammonium sulphate and superphosphate in combination. 

Correlation of total phosphorus with other forms of phosphorus in wheat 

Statistical analysis was carried out to study the correlation, if any, between total 
and other forms of phosphorus in wheat grains under study and the results are presented 
in . table 2. 

Table 2 


Correlation coefficients 


Constituents 

Correlation coefficients 

Significance 

(Forms of phosphorus) 



Total and phytin 

+0.6281 

at 1% level 

Total and acid-soluble 

+0.8170 

„ 1% level 

Total and inorganic 

+0.7032 

1% level 


It is evident that acid-soluble, phytin, and inorganic forms of pho.sphoriis are 
significantly (at 1 per cent level) and positively correlated with the total content of 
phosphorus in the wheat grains. 

Relationship of phytin to other forms of phosphorus components in grains have 
been studied by comparing the relation of phytin phosphorus to other forms of ]4iosplioruB 
in wheat. The increase of phytin to total phophorus has been discussed earlier. The 
relation of phytin to acid*soiuble forms of phosphorus follows the similar pattern. This m 
expected as the acid-soluble phosphorus is linearly and positively correlated wuth total 
phosphorus. This is true in all the cases of phosphatic treatments except when in combina- 
tion with green manure. 

Influence of farm yard manure shows a lower ratio of phytin to inorganic phospho- 
rus as compared to the average ratio of 3.3 in check plots. This suggests that farm yard 
manure appears to have inhibitory effect on the synthesis of phytin from inorganic phos- 
phorust Green manure and rap© cake, on the other hand? show a definite influence on the 
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phS5c as Kcreas? ^te effect of phos- 

tents in grains under their influence and the increaQA?^'°-^^f morgamo phosphorus con- 
synthesis of phytin in a manner which similar so as to balance a possible 

from check plots. Only in the case^of 

inhibition in its synthesis from inoro-anic nk P^°®P^^^ there appears to be some 

amount than the former. phosphorus, the latter being relatively more in 

combination with super oTSssium sulnhatA / “°^*T either alone or in 

inorganic phosphorus^and suSsLts a laree^sv^/hc^^T^f^*®® ^ of phytin to 

fertilizer. t 4 increase in S? is a of Phyt«i under the influence of this 

sulphate. The plot having all the three toomanfcK-7^®° t '"'ith potassium 

at the same level as in the control. ^ however, maintains the ratio 

•d mth protein in greins «„d tie IMtfr ootriutioj fa SrLgnSt “ "wrelat- 

Phosphorus in soils 

values of the sots^'XtStttotltyTatatior*^^^^ P^ 

influence in significantly increasing the phosphomrcontlt of SctnT 

with super alone or in oombination^with o^rLpT^nirSklt^r^^^^^^ Sat^fhte 

. . Table 3 

available phosphorus in soils 

(Expressed as per cent on oven-dry basis) 


Treatments 

(Symbol)* 


Check! 

F.Y.M, (A) 

F. Y.M, (2A) 

P.Y.M. (A)H-R.C, (A) 
R.C. (2A) 

K 

K 

P 

K+P 

N+P+K 

JST+P 

G. M+Cer. 

Cheek 2 

N+K 

G.M. 

G.M.-f-P 

No. G.M. & No. Lev. 
Cheek 3 ^ 


Phosphorus in soil 

Available Phytin 


Available P/ 
Total P 


0.0013 

0.0010 

0.0015 

0.0016 

O.OOU 

0.0016 

0.0012 

0.0031 

0.0029 

0.0031 

0.0032 

0.0017 

0.0016 

0.0015 

0.0016 

0.0017 

0.0010 

0.0009 


0.0021 

0.0021 

0.0027 

0.0030 

0.0033 

0.0030 

0.0032 

0.0035 

0.0038 

0.0040 

0.0033 

0.0025 

0.0022 

0.0021 

0.0030 

0.0033 

0.0028 

0.0026 


♦Details given in table 1 



The table shows that the correlations are highly significant and positive. Apparently 
phytin phosphorus in grains is highly correlated with the total phosphorus content of the 
soil, next come acid-soluble and inorganic phosphorus in succession. Similar order of 


shown about double the phosphorus content as compared to the phosphorus content of the 
control Bulky organic manures have also considerably increased the phosphomg content 
of the soils while green manuring in rotation or with a purely cereal rotation has not 
shown any significant change in the phosphorus content of the soils. Ammoiiiiim sulphate 
Of potassium sulphate alone has increased the phosphorus content only to a very small 
extent as compared to the control When these two fertilizers have been applied together, 
the phosphorus content of the plot, on the other hand, shows much reduction. 

Available phosphorus content runs approximately parallel to the total phosphorus 
content of the plots. The available phosphorus is found to be higher in the plot when 
superphosphate has been applied and a slight increase is also exhibited in the case of plots 
treated with ammonium sulphate alone or with super. The effect of ammoniuxn sulphate In 
increasing availability of phosphorus has been reported by Pierre and Norman (1953). The 
level of available phosphorus in relation to total phosphorus is found to be higher in case of 
green manures whenever they have been applied, a case wdiich supports the assertion of 
various workers that green manures help in increasing the availability of phosphorus in soils 
(Pierre and Norman, 1953). 

It is known that a portion of soil organic phosphorus exists as phytin and is related 
to soil type, pH, etc. (Bower, 1949). In the present investigation, an attempt has been made 
to show the variation in the content of phytin under the influence of fertilizers and also to 
find out whether it has any relation to the phytin content of the grains. The figures 
obtained in the present investigation are lower than the available figures reported in 
literature. The phytin phosphorus varies from 0.002 to 0.004 per cent and is somewhat 
proportional to total phosphorus. The lower values of phytin may be due to the deficient 
organic matter and calcareous nature of the soils. In alkaline and calcareous soils, the 
existence of phytin is of lesser possibility. 

Correlation of phosphorus in soil with that in grain 

The correlations, wwked out statistically, between total as well as available 
phosphorus in soil with the different forms of phosphorus in grains are given in table 4. 


Table 4 

Correlation of phosphorus in soil with phosphorus in grain 


Constituents 

Correlation 

coefficient 

Significance 

Total phosphorus in soil /Total phosphorus in grain ; 

■ +0.6653 

@ 1% level 

„ /Phytin phosphorus in grains 

+0.0756 


,, /Inorganic phosphorus in grain 

+0.8525 

/» . ■ 

,, /Acid -soluble phosphorus in grain 

+0.8727 

»* 

Available phosphorus in soil /Total phosphorus in grain 

+0.7048 


„ /Phytin phosphorus in grains s 

+0,8432 


/inorganic phosphorus in grain 

+0.7179 

m ■■ 

„ /Acid-soluble phosphorus in grain 

+0.8300 

■ - #f .. : , 

Phytin phosphorus in soil/Phytin phosphorus in grain 

+0.7434 
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correlation IS _exliibited by different pbosphorus components of grains with available 
phosphorus of soil and the phytin content again exhibits highest correlation, followed by 
acid-soluble, inorganic and total phosphorus respectively. It is interesting to find that 
there_ exists a positive and significant correlation between phytin phosphorus in soil and 

that m gram. 

SUMMARY- 

In order to study the influence of fertilizers and manures on the content of total 
phytin, inorganic, and acid-soluble phosphorus in wheat, eighteen samples of wheat grains 
raised from plots under different treatments were analysed for these constituents. Relation 

to soil phospnortis was also studied. 

Rhosphatic fertilizers have resulted in a significant increase in total phosphorus in 
wheat whereas other inorganic fertilizers, organic manures and green manuring do not 
appear to have any influence. Application of superphosphate, either alone or in combination 
with other inorganic fertilizers or green manure, shows a significant increase in all the forms 
of phosphorus whereas ammonium sulphate and potassium sulphate, either singly or in 
combinationhave the reverse effect. Farm yard manure also does not show any increase 
in total and phytin phosphorous, although rape cake which does not increase total 
phosphorus has markedly increased the phytin phosphorus. Combined effect of rape cake 
and farm yard manure has resulted in a significant increase in phytin and inorganic 
phosphorus content. Green manure alone shows a decrease in total, phytin, and inorganic 
phosphorus while acid-soluble phosphorus is practically without any effect. 

Total phosphorus in grains bears a significant and positive correlation with phytin 
inorgamc, and acid-soluble phosphorus. Phytin phosphorus shows a significant and positive 
correlation with inorganic phosphorus. ^ 

The application ofsuperphosphate to the soil has increased the total phosphorus 
content almost double that of control and bulky organic manures have also brought about 
considerable increase. Green manuring has not shown any significant chano'e wHle other 
inorganic fertilizers have increased the total phosphorus content to a very ""limited extent 
The level of available phosphorus is higher in ease of green manuring and also in case of 
application of ammonium sulphate. Phosphatic fertilisation has resulted in higher values 
of available phosphorus over that of control, but the relative level in relation to total 
phosphorus remains the same. The effect of organic manures have brought lower values 
of available phosphorus in relation to total phosphorus of the soils. The content of phvtin 
phosphorus is, to a certain extent, proportional to the total amount present in soil 

Statistical correlation has been studied in case of total phosphorus and available 
phosphorus in soils with the eoiresponding values of total, phytin, inorganic, and acid- 
soluble phosphorus of grams. The correlations are positive and significant at 1°/ level in 

all the cases. 
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Effect of Farmyard Manure and Superphosphate on Berseem Yield, 
Nodulation and on Nitrogen and Available Phosphorus 
Contents of the Soil 

S. Sen AND S. S. Bains 

Indian Agricultural Research Institute, New Delhi 

reported earlier (Parr and Bose, 1944; 1947) relate to 
f cycle of the rotation m which berseem was manured consecutively for three vears 
and followed by unmanured wheat for three succeeding years. The increase in the vield 0 +’ 
berseem green fodder over the control varied from foo to 300 percenT; superphSate 
higher ^elds of fodder than farmyard manure, but the differmces^were 
generally not significant. With wheat, significant increases in yields over the control were 
obtoned wherever the dose of P,0, applied to berseem was 64 li, either as mpeShiphate 
singly or superphosphate in combination with farmyard manure. ^ 

The second cycle of the rotation was started in 1948-49, partly to confirm tb^ 
results obtained in the first cycle, and partly to study the effect of p^sphate manuring on 

co^Xts oflhTsoih and available phosphlrus 


MATERIAL AND METHOD 

The experiment was conducted for three years, 1948-49 to 1950-61. Berseem wa<» 
manured every year and grown in rotation with unmanured cowpeas. The manure and 
the fertilizer were applied uniformly by broadcasting and incorporated inSo the sdl bv 
to Xd^^^’ cuttings of berseem green fodder were taken and then the crop was left 

The following treatments were applied to berseem before sowing 

1*3 O 5 per acre 


A. 

Farmyard manure 


161b. 

B. 

Farmyard manure 


321b. 

C. 

Farmyard manure 


64 Ib. 

D. 

Superphospiiate 


16 lb. 

E. 

Superphosphate 


32 lb. 

P. 

Superphosphate 


64 lb. 

G. 

Superphosphate 

81b. 

) 


4" " 

Farmyard manure 

81b. 

[ 16 lb. 

H. 

Superphosphate 

81b. ' 



' ■ ■ . + ■ .. . 

Farmyard manure 

24 lb. j 

■ 32 lb. 

I. 

Superphosphate 

81b. 

1 


Farmyard manure 

561b. 

- 64 lb. 
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J. 

Far.myard manure 

81b. ' 




1 

1 32 lb. 


Superphosphate 

24 lb. J 


K. 

Farmyard manure 

8 1b. ' 

1 


+ 


64 lb. 


Superphosphate 

56 lb. 

1 

L. 

No manure 





Farmyard manure contained 0.52 per cent nitrogen, 0.312 per cent P./)j and 0.420 
per cent K^O and triple 8Ui)erphospliate contained 38.68 per cent PjjOj. Farmyard manure 
supplying 8 lb. P3O5 contains 13.3 lb. N and 1 1 lb. K^O. 



1960-51 


1948-49 I. K, C. F, B, J, H, B, G, J), a, L. 


1949-50 F, 1, K, E. J, C. H, V, B, G, A, L. 


The experiment was laid out in randomised blocks with si-x replications and a 
plot size of 1/40 acre (approximately). 

The soil of the experimental field is sandy loam and has the following physical and 
chemical composition : pH — 7.5; Clay — 12.4 per cent; Silt— 8.0 per cent; Pine sand — 74.3 
per cent; Coarse sand— 0.98 per cent; Nitrogen— 0.05 per cent; P2O5 (total)— 0.07 per cent; 
PjjOj (available) — 0.017 per cent; CaO — 0.65 per cent. 

In 1951, after growing the third crop of berseem, composite soil samples were 
collected to study the nitrogen and the available phosphorus contents of the plots under 
difE'erent treatments. Observations on root nodules were taken in 1950-51 on ten plants 
dug out from each plot of three blocks taken at random. Nodules were classified as 
small, medium and large sizes, one large nodule being equal to four small ones and one 
medium nodule equivalent to two small ones. 

EESULTS AND DISCUSSION 
Yield of green fodder 

The yields of berseem green fodder due to different treatments for the three 
years are presented in table 1 {vide p. 43). 

The treatments are arranged below in descending order of merit. Treatments 
falling under the same bar do not differ significantly amongst themselves. 


1965] 
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the effects dueX^treltoentrS™ ^ indicates that 

interaction between treatments and years is not silnificant!^*^^*^* ^ 


Table 1 

Yield ofberseem green fodder inmamds per 


acre 


Ti'eatment 


A. Farmyard manure 

B. Farmyard manure 

C. Farmyard manure 

D. Superphosphate 

E. Superphosphate 

F. Superphosphate 

G. Superphosphate 

Farmyard manure 

H. Superphosphate 

+ 

Farmyard manure 

I. Superphosphate 

Farmyard manure 

J. Superphosphate 

Famyard manure 

K. Farmyard manure 

■ 

Superphosphate 

L. No manure 

'F’ test 

S. E. of mean 

C.D. at 5 per cent level 

C.D. at 1 per cent level 

Mean yields for years 

‘F* test 

S.E. of mean ±4.80 


n,, ^ 2^5 

|{lb. per acre) 


16 

32 

64 

16 

32 

64 

8 

8 

8 

24 

8 

56 

24 

8 

8 

56 


Yield of green fodder 


1948-49 


196.50 

298.34 

348.56 

210,97 

271.64 

348.19 


224.22 


272.58 


405.69 


276.86 


366.30 

127.70 

♦* 

±21.48 

60.75 

80.80 

279.01 


1949-50 


153.28 

267.35 

349.68 

276.96 

392.25 

489.61 


227.30 


301.05 


450.97 


389.36 


449.29 

94.84 

*sjc 

±26.21 
74.62 
99.25 
■ 320.22 


1950-51 


76.52 

169.52 

247.75 

172.79 

271.64 

363.40 


159.72 


217.97 


366.12 


300.89 


387.86 

21.38 

** 

±21.41 

60.81 

81.10 

228.71 


significant at 1 per cent level 
C.D. at 5 per cent = 13.44 
C.D. at 1 per cent = 17.17 


1948-49 to 
1950-51 


141.76 

245.07 

315.33 

220.24 

311.84 

400.40 


203.75 

263.87 

404.26 

322.37 


401.15 

81.31 

9»i«: 

dbI9.16 

54.31 
72,33 


indicates significant at 1 per cent level, 

to j'- the yields due 

treatments and the mamirial teaSS ai S^iSt ot “the SSme“ 
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(fc) Ymrs : The mean yields of berseem green fodder for the three years, as will be 
seen from table I, differ significantly from one another. The year Ill4!h50 showed highest 
yields partly due to delay in the third cutting and was significant over the other two seasons. 
The year 194S49 was an average year and the mean yield obtained w^as significant ewer tliat 
10 1950-51. Since the interaction between treatments and years Is not significant, it 
indicates that the treatments have maintained their respective positions, irrespective of the 
effects due to season. 

Yield of seed 

■ Table 2 

Yield of berseem seed in maunds per acre 


Yield of berseem seeds 


Treatment 

(lb. per acre) 

1948*40 

1949-50 

1950-51 

104849 t 
1950-51 

A. 

Farmyard manure 


10 

2.34 

0.50 

1.79 

1.56 

B. 

Farmyard manure 

*,* 

32 

3.78 

1.45 

2.48 

2.57 

C. 

Farmyard manure 

*.» 

04 

4.16 

L62 

3.41 

3.00 

B. 

Huperphospliate 

... 

10 

2.40 

1.33 

2.40 

2.04 

E. 

Superphosphate 

... 

32 

3.90 

1.51 

3.17 

2.86 

F. 

Superphosphate 

*•* 

64 

3.60 

1.97 

3.07 

3.11 

G. 

Superphosphate 

. ,“h 

Farmyard manure 

• «« ' 

8 






n **■ ■ 

8 

3.71 

OJO 

2.49 

2.25 

H, 

Superphospiiate 


8 






“h , 








Farmyard manure 

... 

24 

2.02 

LOS 

3.16 

2.68 

I. 

Superphosphate 

. -b 

Farmyard manure 

... 

8 







m 

■ 4.34 

2.10 

3.03 

3.46 

J. 

Farmyard manure 

... 

8 






■ br ■ 








Superj)hosphate 

•*. 

24 

4.04 

1.39 

3.43 

2.95 

K. 

Farmyard manure 

••• 

8 













L. 

Superphosphate 

... 

50 

4.30 

1.98 

3.74 

3.34 

Ko manure 



1.38 

O.U 

0.30 

0.63 


*F’ test 

.*• 


** 

a}e* 


.*sj» 


S.E. of mean 



±0.34 

±0.10 

±0.20 

±0.17 


C.D. at 5 per cent level 

«•« i 


0.96 

0.44 

0.74 

0.48 


C.D. at 1 per cent level 

... 


1.27 

0.50 

0.99 

0.64 


Mean yield for years 

... 


3.11 

1.38 

2.B4 



*F’ test 

S.B. of mean ± 0.068 

... 


significant at 1 per cent level 

C.b, at 5 per cent level “~0,22 

1 C.D. at I per cent level =0.30 



indicates signifioant at 1 per cent level. 



Root nodule studies 


Ja«sM » indicted by .b. 


A serial analysis of the three years’ data shows that tliP j 

and years are highly significant (at 1 per cent levell atitl t w treatmenl 

treatments and years is significant at 5 per cen UevS; ^ the interaction betwee 


Fertilizer treatments: There is no significant fUfF<.ra«-n= - • ,i . 

64 lb. P^O, per acre applied in the form of suSosvLt XT f due 

or farmyard manure mixed with superphosphate ^ThprAor.r, manure aloi 

to of 32 lb PA per. Ao 4»Krw J d„» 'to “3“^" “ >» « 

+superphosphateat 8 lb. per acre gave the hiSSt vieW anft ® 
farmyard manure at 16 lb. PA per acre. All thf StS significmt ov 

produced significantly higher yields of seed than t£ ‘no mZre’'' en“^^ 
corresponding increase in the yield for an increase in r control. There was 

acre, though the ^erences were not significant in all thfl^s pi 

P2O5, superphosphate, in general, ias given higher vielda wli^n amounts 

— to ,«t«opb„opb.« o, toyaod „.„L ioS’^S. 


J®A8-49 was highest followed by^that’obtetned dtog^*'l95fl**ll seed dbri 

1949.S®. The mean yield for th^ year 194S"L^SIiiS2eSi T ISr' 
in turn was significant over that for 1949-50 The season vtl^I ^^SO-Sl wh; 

cant which may be attributed to the seasonal facte The year 

good and 1960-.51, a medium one. ’ ^ 1949-o0 being poor, 1948- 
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Table 3 


Average number of nodules per plant at various stages of growth 



24th Nov. 

35th Deo. 

5th Jan. 

24t3i Jan.'j 

. . 1 

14th Feb. 

4th Mar, 

30th Mar. 

j 2l8fc Apr, 

23rd 

May 

A. 

9.(56 

12.83 

16.96 

19.66 

23.43 

24.43 

22,40 

1 20.90 

10,73 

B. 

8.93 

37.46 

23.63 

26.70 

33.88 

41.06 

40.26 

1 31.36 

16.33 

C. 

11.13 

22.13 

29.80 

42.70 

50.33 

65.26 

66.73 

! 65.43 

35,51 


S.8t> 

20.43 

24.80 

37.70 

56 26 

44.40 

41.33 

: 38.46 

19.63 

.. E. 

9.53 

28.36 

37.70 

60.43 

72,26 

73.86 

71.20 

68.93 

35.26 

F. 

9.46 

28.36 

5L00 

91.53 

102.92 

93.83 

92.93 

86.13 

45.30 

G. 

9.20 

17.00 

24.83 

45.60 

52.26 

47.10 

45.50 

42.86 

23.10 

H. 

8.53 

22,70 

34.86 

47.93 

65.33 

58.93 

57,86 

57.53 

28.50 

1. 

J. 

9.06 

11.06 

10.73 

26.66 

27.16 

27,53 

50,23 

38.16 

47.90 

77.96 

47.21 

83.83 

100.00 

60.20 

107.13 

93,86 

60.83 

97.20 

95.86 

57.83 

98.06 

93.20 

57.06 

95.00 

47.73 

28.50 

40.06 

h:. ... 

8.40 

9.06 

10.16 

11.50 

. 14,50 

17.43 

15.73 

14.46 

7.13 

'F* test 

not «ig. 


sje# 

♦» 




" ■ jjt'* , 


C.D, at 









5% level 


4.90 

7.95 

33.66 

29.65 

24,54 

27.65 

21.66 

11,42 

CM), at 










1% level 


6.09 

10,84 

45.90 

40,43 

33.4:7 

37.72 

29.54 

15,58 


indicates significant at 1 per cent leveL 


Except at first nodule count taken after three weeks of sowing, differences among 
the treatments were found to be highly (at 1 per cent level) significant, Treatmants K, P 
and I (64 lb. P 2 O 5 per acre} were distinctly superior to the 32 Ib. doses in ail the observa- 
tions, Similarly, 32 lb. doses E, J and H were significantly better than the 16 lb, closes. 
The 'no manure' treatment produced the least number of nodules at every stage. Treat- 
ment C (farmyard manure at 64 ib. P 2 O 5 ) showed a very .slow development of nodules. It 
was superior to B, A and L up to the fifth observation, but later on it showed an Increase 
in the number of nodules. A decline in the number of nodules after the sixtii atid seventh 
observations was found under all the treatments. 

Nitrogen and available phosphorus contents of the soil 

Table 4 presents the data on nitrogen and available phosphorus of the soli under'* 
PgOg levels applied as superphosphate, farmyard manure and combination of the two. 
Surface soil (0-6 inches) and sub-soil (6-12 inches) were only taken up for analysis, 

. ■ Table' 4 ■ ■ 


Nitrogen and available P 2 O 5 contents of the soils 
(Expressed as per cent on oven-dry basis) 



1 Doses of PaOg per acre (in Ib,) 

Source 



- 



0 

16 j 

32 j 

64 

Surface soil ifi-6 inches) (Nitrogen content) 



1. Farmyard manure 


0.077 

0,074 

0.091 

2. Superphosphate 


0.083 

O.OSCI 

0,091 

3. Superphosphate at 8 lb, -h Farmyard manure 


0.090 

0.089 

0.091 

4* Farmyard manure at 8 lb. -8 Superphosphate 


... 

0.093 

0,087 

Average 

0.070 

0.083 

0.086 

0 090 






Table 4r~{Contd.) 


Source 


Boses of PaOg per acre (in lb,) 


Sub-soil {0-12 iftchosY 

Farmyard manure 
Superphosphate 

Superphosphate at 8 lb.+Farmyard manure 
Farmyard manure at 8 lb. -f Superphosphate 
Average 

Surface soil (0-6 inches) 

Farmyard manure 
Superphosphate 

Superphosphate at 8 lb. + Farmyard manure 
i^armyard manure at 8 lb. + Superphosphate 
Average 

Suh^soil (6-12 inches) 

Farmyard manure 
Superphosphate 

Superphosphate at 8 lb. -f Farmyard manure 

l^aimyard manure at 8 Ib.+Superphosphate 

Average 


0.050 


0,053 

0.073 

0.064 

0M3 


(Available PgOg content) 
0.0160 


0.0103 


0.0103 


0.0180 

0.0174 

o!6i7i 


0.0152 

0.0153 

0.0133 


0.0146 


0.053 

0.071 

0.065 

0.066 

0.064 


0.0181 

0.0170 

0.0200 

0.0228 

0.0195 


0.0176 

0.0164 

0.0228 

0.0216 

0.0196 


0.076 

0.056 

0.056 

0.052 

0.060 


0.0164 

0.0186 

0.0256 

0.0228 

0.0209 


0.0136 

0.0170 

0.0248 

0.0180 

0.0184 


the soil nitrogen content over the control has been brought abort bv 1>hos?S “ 

Available P^O^: The results of analysis of soil samnles for H-o-aii-jW^. t t 
are almost similar to those observed in reward to tor available phosphorus 

phosphate treatments applied to the berS cr^n W 

available and the increase in avilability has Wn well mavh phosphates more 

oortrol. Increasing doses of phosphate Vd^ i^^^^^^^^^^ ZZ 

When superphosphate was applied^ in coniunetion w!?i> f phosphate availability, 

of available phosphate was higher than whLe these were apStingly™''®’ P®''°®ntage 

gre» Tw ThVrrr," 

yjcl<I of fodder from 127 70 ^^*^ the no 
in 1948-49 to 21.38 maun ds per acre in 1950-51. This is attributed acre 

of the soil under the experiment to meet the normal requLment ofS!^. inability 

to the absence of phosphate in the available form This is fnrtW ^ /’’?P 

results from the phosphate treated plots where the vielda k confirmed by the 

at a fairly high level. The results clear! vindlJt! S berseem have been maintained 

of berseem for higher yields The recmltss i f^^cessity of phosphate manuring 

s&v jS‘939r«.>’Cd“"„ 
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Tlie data on the number of nodules show clearly that tlie phosphate treatments 
favoured nodulatlon on berseem roots and the number of nodules increased with increasing 
doses of phosphate. Treatment F (superphosphate at 64 lb. P 2 O 5 ) and K (fariiiyard mamira 
at 8 lb. PgOg+superpliosphate at 56 lb. PgO^) indicated early iiodulatioiis whereas treatment 
I (superphosphate at 8 ib. P^Og+farmyard manure at 56 Ib. I\Or,) and C (farmyard manure 
at 64 lb. P2O5) seemed to be slow in this respect. Thus superphosphate alone appears to 
stimulate the earliest noduiation in berseem. These results are in close conformity with 
those obtained by Ludeoke (1941) and Smith (1944). 



An increase of the nitrogen content in the soil has been brought about by the 
phosphate fertilimtion of berseem. This may be partly due to the increased microbiological 
activity of the nitrogen fixing bacteria as found in the increase of noduiation under the 
phosphate treated plots and partly due to the increased amount of crop residues which 
resulted from phosphate applications. The results obtained are in harmony with those 
obtained by other workers in the field (Giobel, 1926 and Virtanen, 1945). 


Phosphate fertilization of berseem has further increased the available phosphate 
content of the soil. The percentage increase is w*ell marked under treatments where 
superphosphate was applied in combination with farmyard manure. The conversion of 
soil phosphate into available form may be due to (1) production of large quantities of 
carbon dioxide during decomposition of organic matter leading to lowering in pH of the soil 
solution (Moser, 1942 and Oberholzer, 1936) and (2) conversion under the influence of 
decomposing organic matter to organic phosphates which are better available (Shrikhande, 
1948 and Das, 1945). 


SUMMAKY 


A field trial W’-as conducted during 1948-49 to 1950-51 to study the effect of 
phosphate applications at 16 lb., 32 lb. and 64 lb. P^Og per acre as farmyard manure alone, 
superphosphate alone and in certain combinations of the two, on the yields of green fodder, 
seed, and noduiation of berseem and also on the nitrogen and available phosphate contents 
of the soil. 

Phosphate application to berseem resulted in significant increases in yields of both 
green fodder and seed. For an increase in the rate of application of phosphate per acre, 
there was a corresponding increase in the yields. Phosphate at 64 lb. PgOg per acre pro- 
duced significantly higher yields of green fodder over those due to 32 lb. P3O5 which, in 
turn, was significant over 16 Ib. P^Og per acre. For the same amount of phosphate, super- 
phosphate alone or in combination with farmyard manure, generally, yielded higher than 
farmyard manure alone, though the diflFerences w'ere not significant in all the cases. 

A fall in the yield of berseem fodder from 127.70 maunds per acre In 1948-49 to 
21.38 maunds per acre in 1950-51 and the maintenance of yields at a fairty high level 
under phosphate treated plots clearly indicates the necessity of phosphate fertilization 
of berseem for higher yields. 

Phosphate treatments favoured noduiation on berseem roots and the number of 
nodules increased with the increasing doses of phosphate. 

Phosphate fertilization of berseem for three years increased the nitrogen content 
of the soil. The nitrogen content increased with increased applications of phosphate, 
particularly in the surface soil (0 — 6 inches). 

The available phosphate content of the soil under different phosphate treatments 
indicated that phosphate fertilization of berseem rendered the soil phosphate more avaih 
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EHect o£ Tractor Ploughing in Black SoBs of Malwa 

B- V. Tamhane and P. M. Tambou 
Indian Agricultural Research Institute, Nets Delhi 

tillage operations are of 

faith, because these changes are inherent!? and in the maintenance of 

The success of soil consefvation metres ^ sod- 

onttaoagh„„d«.„di„g„,ti. *!»“<' 

heap, i^chinaiy «sulta ploaghing of cheraozem soils by 

Central Tractor Organisation, under the chemical properties. The 

of tractors for cultivation of a laree tract of India, are employing various types 

bemg utilised on black cotSn soToSll‘’'1?S® waste land 4 tracZsTe 

hUck° n. great extent, analogous to chernozem ^dia 

black soils of India and chernozem are quite co^i^nrf cfi."'^-^ properties of 

dec?nf“T^ properties of soils under the influence of change in physical 

deep ploughing, under Indian climatic ccr.fi,v t * tillage operations, particularly by 
dusctdeinitionofttset^" »P«rt«d surlier sud the 

very scarce and not systematic. It was th^^rpfnrA^?^ ^^^iience of tillage are 

tance to study the changes brought about in considerable impor- 

ploughing. about in some important soil properties by traSr 

phemioauXbTologiSrpro^^^^ P^ebmin^ work to study the changes in physical, 
important group of soils in Lidia form one of tL most 

Material akd methods 

pio«*ted 

taken) from four village! sS a! SiwSt ci *"actor ploughed and crom 

State. Only surface soil samples (0 to 12 in \ ®alkanpur, Bari, Obaidullaganj of Bhopal 

denfwfo®^^ ^®^p of posthole The 24 in.) 

depth of 12 inches, ^ tractor ploughing was done only to a 

m'*”® “P«Pl‘r, “p^nt"* and ““■>“>■<>«> analysis. Mbistnte 

sXpsoSsofs^sriiP^f »» b^^ 

fower plastic limits !ere°?eterii 24 ^ff coSSs,' the°!ppJr a^d 

( 1928 ) and sticky point bv the mc+hcri^rw roetnods described by Russell and Whear 

nitrogen fixing p?TO?ihby?Samites^T by Thornton Agar Media, for determining 
dsfasnsined inh,„id 

















Table 2 

{Keen-Raczkowaki determinations) 


Moisture 

Holding 

Capacity 


Depth 

(inches) 


Vol. Expan. 
sion 
% 


Virgin 
*Tr. Crop. 
tTr. Plug. 
Virgin 
Tr. Crop. 
Tr. Plug. 
Virgin 
Tr. Plug, 
Virgin 
Tr. Plug. 


0—12 


Maliwara 


Salkanpur 

Obaid. 


^Tractor ploughed and crop taken. 
fTractor ploughed. 


Atterberg s constant : Soil consistency as defined by Atterbera Qc 
owards external influence. The Atterberg constants, such as 
l^tic limit, pl^tic number values are higher in ploughed soils 
Mis, ihese values are fairly related to clay content 
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besults and discussion 
Mechanical Peopbeties op 8oii,s 

or clay 8 --P of clay 

virgin and the tractor ploughed^ils dl not composition given in table 1 . The 

mechanical composition is loncerni prsJ^^^^^^ any marked difference so far as their 

rasssittei-SsSaSES- 

SiHif=gslir4i3.=5 

obtained by Johnston’s volumeter (Johnson 1945) ^The verv°Hch^v<T^^^^ 
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The siib»stirface soils are raa.ffected ancl ha¥e almost the similar upper and lower 
plastic limits values for virgin as well as for tractor ploughed soils. 8inee the virgin soils 
possess lower values for plastic number, . these soils may have lesser tendency of puddling as 
compared to tractor ploughed soils. Since the values for upper plastic limit are higher 
for tractor ploughed soils, ■ the' chances -of maximum adhesion arc more in ploughed 
soils than in virgin ones as Baver (1930) pointed out that maximum adhesion takes 
place at a moisture content', fairly close, to the upper plastic limit. The difference 
in plasticity of virgin and cultivated soils may have some relation to individual 
exchangeable bases (as discussed later on). Baver (1928) observed that calcium 
increases the plastic number whereas magnesium and p(‘tassium ions lower it. Our 
results are also in the same line. Tractor ploughed soils show higher plastic number 
as well as higher content of exchangeable calcium as compare?! to the virgin soils. With the 
increase in the amount of exchangeable magnesium and potassium, a corn\sponding ?Iccrease 
in plastic number is also observed. The sticky points for virgin soils range between 
15 and 29 while for tractor ploughed soils, the values vary from 14 to 33. The tractor 
ploughed soils have higher values for stickly point than the virgin soils. 

Table 3 


Atterberg^s constants 


S. No. 

Place 

Type 

Depth 
(in inches) 

Upper 

Plastic 

Limit 

Lower 

Plastic 

Limit 

Plastic 

Number 

Sticky 

Point 

1 

Bari 

Virgin 

0 

1 

65.0 

■' ■ ' ■’ 

22.0 

33.0 

297 

2 

,#> ■ 

*Tr. Crop. 

if . 

60.8 

23.0 

,37.S 

33.7 

8 

*> 

tTr, Plug. 

n 

ei.8 

23.7 

38.1 

33.4 

4 


Virgin 

12--^24 

63.0 

20.0 

33.0 

38.6 

6 


Tr. Crop. 


' 64.2 

21.9 

32.3 

2B.8 

6 


Tr, Plug. 

»/ 

. 64.8 

21.4 

32.9 

29.6 

7 

*» 

Virgin 

0—12 

29,11 

15.76 

13.35 

19.76 

8 


Tr. Plug, 

r* 

37.46 

19.28 

18.18 

20.65 

9 


Virgin 

12-18 

32.08 

19.37 

12.71 

16J5 

10 

, t» 1 

Tr. Plug. 

*» 

33.19 

20.77 . 

12.42 

14.81 

11 

Maliwara 

»» 

0-12 

60.4 

29.3 

31.1 

33.5 

12 


ft 

12-24 

58.7 

28.3 

27.9 

31.3 

13 

Salkanpur 

Virgin 

0—12 

61.4 

21.6 

29.9 

26.0 

14 


■ » 

12—24 

48.4 

18.7 

30.0 

26.1 

15 

Obaidganj 


0—12 

45.76 

24.01 

2L75 

27.38 

16 

' '#> 

n 

12—18 

46.30 

23.92 

22.38 

28,70 


* Tractor ploughed and crop taken, 
t Tractor ploughed. 


analysis : The results of aggregate analysis are given in table 4. The 
state of aggregation was calculated by using the equation proposed by Baver and Rhoades 
* (1932). The state of aggregation is higher in virgin soils than in tractor ploughed soils. 
The degree of aggregation in virgin soils is more than that in the case of tractor ploughed 
soils ; the range for virgin soil is between 41 and 56 per cent while for tractor ploughed 
soils, it is between 20 and 60 per cent. It is, thus, clear that degree of aggregation has 
been very much affected by tractor cultivation, so much so that in one case it has been 
reduced by nearly 50 percent. However, such difference is only prominent in surface soils 
whereas no such marked difference could be observed in the subsurface 
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(I93S) IS iSf “oih .rS'rH “ !>? E««ell 

zero, if there is no aggregation at all tn ® aggregated whereas it is 

takenasO.05 mm. TsSSTd koalas -as 

(0.06 mm.) in mechanical analysis waroMaiSv the size 

against their percentages. Studies on aggresate analUil™® log of vilocity of particles 
better aggregated than the tractor pWhed soSs ® that virgin soils are 

coefaeients than the virgin ones Same ^ ® virgin soils have higher structural 

quoted by Russel(1938)®?suS 1^000^ concept of Lutz, as 

IS also fairly high for virgin soils than fnr ®'gg^’®gS'tion (Retzer and Russell, 1941) 

219.40 in tLtSr plouSff X LSnS**'"* 

in a better state oLgiregation 'as -e 

deterimental^Xrt OT the°KSuL?cTiaS^ ploughing has a definite 

and experience of previous Torker^lSl^ al" 
and Marshall, 1947; Klingebiel and O’Neal 1952 i 

results of volume weight, permeability and porJ)Sy.‘ ^ P^oP^i’ty is brought out by the 

certain lin^J“ and^low^faH^hlT Sa^bSg^Sn the^r^^ soils affects the structure to a 
ascertained by detailed field experiments. ^ agronomical aspect can only be 

Chemical Peopbeties of the Soils 

tractor ‘I>« «>ilt ondcr 

pr^n JKwcT'SSi "Oho »oDc are 

soils so far the chemical constituents are concerned. ^ of tractor ploughing on 

.aV+i, (ind exchangeable hoses ' The tet-il 1.000 i, 

of these soils are fairly high and are comnletete eof,„!o+ base exchange capacities 

and magnesium being the predominant ^Virsrm nnH , exchangeable bases, calcium 

their total base exfhangrcapSfes!’ Lmfnte" nf " 

slightly different in virgin and ploughed soils The ^ mdiyidual bases, however, are 

exchangeable magnesium and pottasium are less in traetn^^T^ ^ more whereas 

the corresponding virgin soils. The relationshin of the°^ ploughed soils as compared to 

mdicatmg thereby that the content of total soluble saltriffi i^n Ploughed soils, 

Walldey &^Blaek’s method ^^Ikley IfiSws^TOn^erablv^f^™^ matter, as determined by 
soils than the virgin soils. Tract7pSw^t^^^^^^^^ Plo'^ghed 

omdise the organic matter at a much higher fate bv^Snosteitf ^ 

this tract. ^ by exposmg it to hot chmate prevalent in 
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B«ri Virgin 


[Vol. I 

Tai 

Aggregc 


Agg. — Aggregate 
U D — TJitimate dispersion 


Place Type 
Depth in inciies 
• Analysis 


size in particles in 
mm. 

2,0 

V' 2 , 0 — 1 . 5 ', 

■ 1 . 5 — 1 . 0 '.'. 
.1.0— 0,5 ; 
0 . 5 — 0 . 2 /, 

' . 0 . 2 — 0.1 ■ 

. 

0 , 1 — 0.05 

.05 

2 — .2 
0.2— ,02 
0,02— .002 
.002 
.05 

State of aggregation 

Degree of aggregation 

Structure coefficient 
D-S/D 

Structure coefficient 


Bari Virgin 
12—24 

'Agg, ■ ■U.D. 

Bari' 

Tra. PI, Crop. 
0—12'... 
Agg.... ; .Cr.D. 

1.02 — 

0.9 ■ ■ — 

1.74 — 

■ 0.94 . . ■■ — 

5.82 , ■ — 

/ 2.62 ' ;■ — 

12.54 — ■ 

. 5.93/ ■ — 

26.39 — 

37.34 — 

14.30 — 

19.22 . .■ — 

16.28 : y. — . 

12.77 

,22.43 ' 

21.08 — 

— 0.63 

— 0.68 

— 26.33 

' 20.09. . 

■ .'23.24 

, — ■ 19.64 

— 40.64 

! — 49.84 

77.97 35.0 

79.72 38.4 

42.97 

41.32 ' 

55.7 

5L8 

0.59 

0,58 

8,28 

4.08 


U.D. Agg. VAX An 


Bari 

Tract PI, 
0—12 
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analysis 


Maliwara 
Tra. PJ. 


Maliwara 
Tra. Pi. 
12-~24 
Agg. U.D. 


Obaidul- 
, lagan j 
Virgin 


Sultanpur 


Stiltanpnr 
Virgin 
12 — 24 , 
Agg. , U.D, 



Analysis of hydrochloric acid extract 




OF 

mf'ihbiak sooiett 

OF 

BOm SOIEHOE 


O 

<© : cft : »o ■ ■■ 1.0 ■ «0 . q 


q »0'," q 

ao sso*! % , ■ ^ 

CO 

CO Tp' -x# 1* 'c4 ■ CO 

pm( 

«o ^ ^ . *4 


CD 

00 

00 

0-J 


"O 

o 

o 

q 

o 

q 



p»4 

q 

o 

O ' 

d 

d 

d : 

d 

d ,, 

: O'. 

o 

r-< 

r* 


Q 


"O 


OS 

CD 

1.0 




© 

q 

iO 

o 

d 

d 

d 

.■©; 

d 

d 

d 

O'l 

■:if3 

ID 

o 

O'l 

O'l 

O' 

»D 

q 

<30 . 

Ca; 

/Cs 

q 

m 

q 
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d 

d 

d 


d 

d 



»o 

CO 

■r*( 

»D 

OS 

q 

o 

'.■q 

d 

CD 

d 

i«-i 

d 

d 

CD 

O 

r-* 

q. 

2 ' 

,q 

fWij 

d 

d 

f4 

»»» 


^Tractor ploiiglied and crop taken, 





Exchange capacity and exchangeable basis, pH, and total soluble 
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The fact that cultivation results in depletion of organkt nnatier is confirmed by 
number of workers (Jenny, 19S3; Metzer and Hide, 1938), Tractor ploughing has, thus, 
degraded these soils by diminishing their humus content by accclarating the rate of oxida- 
tion of organic matter. 

Total nitrogen is considerably less in tractor ploughed soils than in virgin soils* 
The C/N ratios do not show much difference in the tvx) types of soils. 


Tablts 7 

Organic carbon and nitrogen 





•Tractor ploughed and crop taken, 
t Tractor ploughed. 


Total bacterial count {Dilution IjlOOOOO). 


Plate No. 


Mean S. E. Mean 


Kemarks 


No. of micro-organisms 
per gm. of soil 


Average No. of micro- 
organisms per gm. of soil 


Significant 
at f)% level 
Significant 
at !% level 
Insignificant 


♦Tractor ploughed and crop taken 
f Tractor ploughed. 
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Tabm 9 

Nitrogen fixing power 


Total N (in mg.) fixed per gm. of mannite 


Virgin 

Tractor ploughed crop taken 
Tractor ploughed 
Virgin 

Tractor ploughed 
Tractor ploughed 
Virgin 
Virgin 


Maiiwara 

Salkanwara 

Obaidullahganj 


SUMMAEY ■■ 

Work has been conducted on Block Cotton Soils of Bhopal State to study the 
likely changes in its physical, chemical and biological properties, due to the introduction of 
tractor cultivation. 

A comparative study of the virgin and tractor ploughed soils reveals that the 
mechanical composition is unaffected, whereas the structural condition is affected as is 
evidenced by the permeability, porespace, volume-weight and the distribution of water 
stable aggregates. The virgin soil has shown less susceptibility to erosion as indicated by 
dispersion and erosion ratios. 

Tke nutrient status, as judged by HCl soluble constituent and base exchange 
capacity and exchangeable bases, remains unaffected. However, there is a lowering of the 
organic matter content and total nitrogen. 

The biological activity is found to be more in virgin soils than in tractor ploughed 
soils as indicated by total count, nitrogen fixing power and nitrifying power. 

In general, it may be said that while the chemical and biological properties remain 
unaffected, the physical properties especially the structure and other related properties are 
affected due to tractor ploughing as compared with virgin soil, and similar changes are also 
brought about by normal practice of cultivation. 
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The Mobility Ratios of Clay Membrane Electrodes 

Saeoj Kumab Boss 

University College of Science, Calcutta 

The method of using mineral membranes for the determination of mono - and bi- 
valent cations present singly in solution was initiated by Marshall and his co-workers (1949). 
bince 1941, the continued use of the membi’ane electrodes prepared from montmorillonitie 
clays by Marshall and his associates (be. cit.), Chatterjee (1949), and Mitra (1954) has 
estaDiisned the technique as an effective means of determining cationic activities. For this 
purpose, the montmorillonitie clay suspensions are allo-wed to form thin membranes by 
slow evaporation. Heat treatment ranging from 400^ to 700*^0 improves the electrochemical 
as well as the mechanical properties of the membranes. The clay surface becomes reversible 
with respect to cations in solutions by virtue of its exchange properties. These clay 
membrane electrodes, unlike glass electrode which measures only the H-ion activity, are 

particular cation, but are often less specific for H-ions than 
others, Na, K, Ca, Mg, etc. If such a membrane electrode separates two solutions 

having different cationic activities, the e.m.f. observed should be equal to that calculated 
by means of the Nernst equation, provided the membrane electrode is perfectly reversible. 
Working with a large number of clay membrane electrodes, it has been found (Mitra, 1954) 
that they can usually measure ionic activity of no more than 0.1 molai solutions in the 
case of monovalent cations and 0,01 molai in the case of bivalent cations. 

The activity of single cations, either mono - or bi- valent, in a true solution or in a 
colloidal suspension can be easily determined but not so in the case of a mixture of cations. 
Marshall and Bergman (1941) approached the problem by using specific membranes which 
are sensitive to one kind of cation in presence of the other. As we know very little about 
the conditions necessary for the preparation of specific membranes, they may be obtained 
only by the process of trial and error. The usual approach is to characterise the membrane 
by (/) the charge on the membrane surface, and («') the mobility ratio of the cations 
(see below). The wider this ratio is, the greater is the chance of the membrane being 
specific. 

The present paper is primarily concerned with the preparation and standardisation 
of the membranes, and the evaluation of the mobility ratios for selected pair of cations 
from amongst Na, K, Ca and Mg ions. Before determining the mobility ratios, the 
membranes must be tested as to the ranges of obedience to the Nernst equation. The 
membrane electrodes, for this purpose, are generally separated by solutions of electrolytes 
having different activities of the same cations. The ranges within which the observed e.m.f. 
agrees well with that calculated by means of the Nernst equation are noted for each cation. 
While measuring the mobility ratio of a pair of cations the activities of the cations 
concerned must remain within the ranges of the individual cations. The mobility ratios are 
calculated by means of the following relationships. 
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E= 


RT 

2F 


In 


as 


XJca 


{III) 


Ue 


aca 


Where E is the observed & a’s and U’s are the respective activities and mobilities. 


MATERIAL AND METHOD 



membrane 


RESULTS AND DISCUSSION 


The mobility ratios 


Uca 


TT TT 

and tt^ calculated from the above relationships 
■ ■ Uns 


are given in table 1 . It will be noticed from these data that the mobility ratios for a parti- 
cular membrane and with a particular pair of cations depend on the activity range of the 
cation pairs studied. The variation is not, how’^ever, regular. But it is possible to choose 
a few membranes whose mobility ratios remain fairly constant o^'or a particular range of 
activities. Only random search for such membrane is possible. Once the membranes 
conform to the requirements, they are found to perform well for quite a long time. 

The alternative expression to mobility ratio, termed by Marshali (1948) as the 
differential heat of adsorption of cations, has a limited significance insofar as it is not known 
whether the exchange reaction is independent of temperature. If, how^ever, the membrane 
is considered, in the limited range of validity of the Nernst equation, as a cation reversible 
electrode, then the observed e, m. £ may be expresed as the difference betw'een the e. m, £ 
of each element of the cell 

Bor example, in the cell, 

W |l2 

membrane 

-El «(E|-Eg,)~0.059 log 


E 


Thin membranes were obtained by evaporating clay suspensions of either H-or 
Ca-saturated montmorillonitic clays isolated from a Paclegaon soil, a Chinsura soil, and 
Aquagel (Mitra, 1954). They were then cut in proper sizes and heated to the desired 
temperatures for a period of 24 to 48 hours in an electric furnace. Prepared in this w’^ay, 
the membranes are expected to attain the desired electrochemical j)ropertic*.H. To test this, 
one end of a small 3 in. pyrex glass tubing is flanged and the membrane m fixed to iiiis end 
by means of Duroflx. The membrane is then tested for asymmetry potential, if any, by 
placing solutions of the same cationic activity on each side and measuring the potential 
difference by means of a Cambridge potentiometer and L & N Galuanometer. Tliosc mem- 
branes which showed zero or negligible asymmetry potential w^ere used to find out the range 
of validity of the Nernst equation, and also the mobility ratios of cation pairs {cf. above). 




mobility ratios Ot CLAY MEMBRANE ELECTRODES 


L actiYities of the cation 

may be evaluated. This has been done for the 

obvious that CER. — ES-i /E o eO i j. i 

.A a; XI l-li'Ca— Ejfaj must be 

' ree y. The results of these calculations given 
e agreement is fairly close. It is to be pointed oTt 

2 sh;rt£".ir/^^^ activity ranges 


Table 1 

Mobility ratios of cations 


Membrane 


0.00097 


0.00877 


Pad. Ca. 600®C (0) 


Pad. Ca. 600®C (G) 


Membrane 


0.00877 
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Membrane 


Diffe- 

rence 

(u-b) 


.0027 

S]0877 


aca 

0*0081 

0.0081 

0.0027 

0.0003 ■ 

ISIIISI 

0.0027 

^k: 

0.081 

0.027 

0.009 

0.001 

0.009 

0.081 

CTca/UK 

1.89 

1.10 

1.04 

.60 



^ Ga,K: 

35.9 

41.4 

57.1 

46.7 



XTca/^K 

2.02 

1.13 

0.S6 

0.52 



®°Ca,E 

25.1 

40.8 

61.9 

43.1 



Uca/^K 

1.32 

.98 

1.03 

0.90 

1.54 

1.7B 

^°Ca,K; 

36.1 

44.6 

51.9 

5L5 

54.0 

42,4 
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Lime Requirement of an Acid Sandy Soil 


S. C. ^Mandal, S. K. Das and H. N. Mukherji 


Agricultural Research Institute^ SahouTy Bihar 

in tiiP if extensive in Biha^ They are mostly found 

State. These soils are old and sedenta^. from 
Su^U™^ ^ rendering them acidic. Soils of 

are We ^ \T^’ alkaline in reaction. But, there 

sandv fr™ in ®°'- r“ t^^at are sandy to 

sandy loam in texture, fairly acidic in reaction and support very little crop farming. An 

wTs Wif***p*®+ Islampur in the district of Purnea, 

•iRteri ^+u °f®'^ar in 1950 for crop production and the authors were 

asked to advise the Govt, on the management of the soils of the farm. 

un to a Xn^tWfTlM 9n^ “ texture which extend 

T inches below which a continuous layer of coarse sand is found. 

form sampled from different locations of the 

farm revealed, on an average, the following characteristics (Mukherji and Mandai, 1952) : 

2.20%; Organic matter 5.8%; Clay 14.8%; Silt 17.0O/,- Fine sand 
Coarse^mi 3 5%;^igoluble sih^^ Soluble silica 0.9%; Sesquioxides 8.7%{c&6 

U. 2 / 0 , K-isO 0.3 /cPA 0.05%; N 0.2%; Available P^Ob 0.02%; Available K,0 0.007%- 
Cation ^exchange capacity-10.4 m.e%; Exchangeable Ca-1.4 m.e%; Exchangeable Mg- 
0.7 m.e/o. Exchangeable K 0.5 m.e%; pH of the soil is 5.3. 

1 u detailed examination of the soil chemically, some cropping tests were 

made by the local farm management and it was observed that the soils Supported no crop 
growth worth mentio^g excepting rice which, too, was a rather poor crop Thus, it was 
thought necessary to try a few experiments with various plant nutrients e.e., N P K Mg 
Mn, Cu, Zn, B etc., as well as some limmg experiments in the farm. > > > b> 

A results of liming experiments carried out in 1951 

and 1952 have been reported. These experiments could not be carried out further due to 
the sudden closing of the farm for the rehabilitation of refugees from East Pakistan in 1953. 

MATERIAL AND METHOD 

In estimating lime nee(fe of an acid soil, the amount of lime to be added, proper 
time of applying lime to the soil and the frequency of liming have to be considered Field 
experiments were, therefore, setup on a representative soil of the farm with moderate 
doses of lime applied in two different periods of the year. Another experiment was also 
laid down with high amounts of lime in order to find out the exact amount of lime that 
would raise the pH of the soil to a point optimum for crop growth. 

Jainti lime containing 30% calcium was used throughout and the treatments in 
different experiments were as follows : — 

I (a) Moderate liming before rains; (b) Moderate liming after rains. 

Treatments 

(1) No lime. 

(2) 300 lb. of CaC 03 (equivalent to 5 md. or 3.6 cwt. of Jainti Hme) per acre. 
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(3) 600 lb. of CaCOg (equivalent to 10 nici or 7.2 cwt. of Jaiiit-i lime) per acre. 

(4) 900 lb. of CaCOa (equivalent to 15 md, or 10.8 cwt. of JaJiiii lime) per acre. 

(5) 1200 lb. of CaCOg (equivalent to 20 md. or 14.4 cwt. of Jaiiiti lime) per acre. 

(6) 1500 ib. of CaCOg (equivalent to 25 md. or 18.0 cwt. of Jiuiiti lime) per acre. 

II. Heavy liming before I'ains. 

Treatments 

(1) No lime. 

(2) 1700 lb. of CaCOg (equivalent to 1 ton of Jainti lime) per acre. 

(3) 3400 lb. of CaCOg (equivalent to 2 tons of Jainti lime) per a<'re. 

(4) 5100 lb. of CaCOg (equivalent to 3 tons of Jainti lime) per acre. 

(5) 8500 lb. of CaCOg (equivalent to 5 tons of Jainti lime) per acre. 

Experiments l{a) and I{b) were laid out in 1951 in l/80th acre subplots while 
experiment II was laid out in 1952 in l/40th acre sub-plots and in each case, the treatments 
wore randomized and replicated four times. In the first year (1951), rice and barley were 
grown in I {a) and I (6) respectively. The rice crop was very poor due to extreme drought 
conditions prevailing in the month of August ancl also due the fact that the crop was 
sown without applying other nutrients {e. g, N,P,K) to the soil. Further, as the experi- 
mental plots w^ere not fenced, stray cattle grazed on the barley crop in I (b) in one night 
in December and thus the yield data were not recorded treatment-wi'se. Next year (1952) 
fresh additions of lime were made in Expt. I (a) and rice was grown again. Maize w’as 
grown in I (b). This was <a year of good rainfall and the experimental plots were fenced 
and no damage was done to the crop from any extraneous source. In Expt, II (heavy 
liming experiment), lime was applied in June. It was decided to grow maize and wheat 
in this experiment. Bui as it was late for maize, its cropping w^as abandoned and the 
land remained fallow during rains. In the following rabi season, wheat was sown. In each 
case, a basal dressing of N,P,K, was given at the rates of 40 lb. of N, 40 lb. of P^Og and 
40 lb. of KgO j3er acre in 1952. 

Soil samples were collected about six months after limiiig from experiments I (6) 
and II and after four months from experiment I (a) and their pH and degrees of calcium 
saturation were determined. In the laboratory, a parallel experiment was set up for the 
heavy liming series with the same soil as in the field experiment, on lines suggested by 
Dunn (1943) in order to find out the relationship between the field and laboratory results. 
In the laboratory studies it was found more convenient to add saturated solution of 
Ca(OH )2 in lots equivalent to 1500, 3000, 4500 and 6000 lb. per acre. 

The pH was determined with the help of a Muir-head pH meter using glass 
electrodes and the degree of calcium saturation by leaching the soil with neutral normal 
ammonium acetate. Soils brought to equilibrium in the laboratory with Ca(OH )2 were 
filtered and washed with small quantities of alcohol to remove any excess of Ca(OH )2 and 
leached with ammonium acetate. 

EESHLTS AND DISCUSSION 

The effects of applying moderate doses of Erne in two different seasons are given 
in table 1, 




limb eequiebmeot Of Acm SAUDr soil 


Table 1 

Changes of pH and degree of calcium^ saturation mtk liming at moderate doses and their 

relationship to crop yields 

Lime applied before raina I Lime applied after rains 

Treatment pH 

CaCOg Degree of * 

per acre calcium 6 12 

1951 1952 saturation months months 

acre after after 

, liming liming 

None 5.16 5.30 16.70 24.7 I 6.30 .6 90 


Yield of 
maize 


Degree of 
Calcium 
saturation 
(after 
6 months) 


Grain Stalk 


Critical difference of mean yield at ■5%........^ 

c!9+tir,(r beavy liming experiment, the wheat crop grew well initially but the grain 

setting was retarded due to the blowing of dry west wind untimely. ConsMuently a&ost 
neghgiWe yields of grains were obtained and thus the yield of wheat straw only^l as been 


■ ■ ' ■ , ■ Table 2 ■ ■ ■ • < . ■ ■ ' 

Changes in pH and degree of calcium saturation effected by heavy applications of lime and 

their relationship to crop yields 

j Liming under field conditions j Laboratory"I^brium”Itad^ 

Yield of — — 

wheat straw Treatment 

in md. per CaCOg/acre pli 

acre 


Degree of 
calcium 
saturation 


Treatments 

CaCOa/acre 


Degree of 
calcium 
saturation 


Critical dijSerence of mean yield at 5% 
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It is cvklent from tables I and 2 that iHlamjairu soil ri-ijuircn liinint! at the rate of 
17001b. of OaOOa or 1 ton of Jainti lime per m re iti orlet ih.it it h pH may Itc raised by 
1 unit, from 5.2 to 6.2, Re.sult.s of exfairimentH vUth dilit ren! pi, ml nu! i i- tits,' nut, reported 
here (Mukherji, 1952), in whkh lime at. Hie rate of ! inn per n<'r>- Mit,*! im'luded as a treat- 
ment in a number of experiments also eoiroborate tbih lineliuy. 

It may also bo noted from table 2 that the .shihi- amount of iinie raises the pH by 
0.4 units from pH 6.2 to 6.6 and by only 0.25 unit froni jdi li.ii to t! M.'t. Sm p ineremcnts were 
effected by smaller additions of lime at lower pH values of tie- soil <• g. ."i.i {Table 1). 
Thus the rate of rise of pH due to liming should la- eon.iitlt red only in relation to the iiiitiai 
reaction of the soil. 



With smaller additions of lime {HOO lit. of CaHOj per aere), Hu* inerease in the 
degree of caieium saturation was found to vary from to t.H'',,, \Vith heauer additions 
(1700 lb. ofCaCOj per acre), the variation was from 7.4*» bt Ls.S";,, Attain, witli 2 tons of 
lime or 3400 lb. of CaCOg per acre, the ealrium Katiirat ton of Hie soil inereaHed from 16.iy 
to 48.3%. For successful plant growth, Peeeli ttfitl Bradtield {HHsj havir recommofided 
60% calcium saturation <tf the .soil. The yadds of maize ujid wheat, given in tables 1 
and 2, however, indicate that raising the plflan’otid 6.2 ..r tie- degree of eah inm saturation 
beyond 35% may not be of much n^■ail for the.se crops at [.slampuJ^, 


But since in a liming programme, tnaintenanti* nf u good cuh iuin status and 
favourable soil reaction are quite inqiortant eon.-iideruifuti.s and since jdl tl.fj }m» generally 
been regarded as optimum soil reaction for the growth of newt of our upland crops g./. 
wheat, maize etc., liming at the rate of 2 tons fs-r acre may tw rccoiimiended for these sotb 
which wouid raise the pH to about (S.6. Tliis would also im rea.M- the degris,* of calcium 
saturation to ahout4H%, thus providing .suflicient margin for rimnv other crops demanding 
higher caieium saturation of the noil, laming low also to !«• recomiucmle.l in smirdant® 
with the calcium nceiisofthe crops grown. From the viehH o! three different eropi 
given in tables 1 and 2, it s{'era.H tied, maize is the most 're.sp.imiu- and rice the least 
resjKjnsive amongst the crops studied here. Ihe rcsuils ot' cxiwrimcuts with various 
other plant nutrients also indicate that tlie rice cron windd not ordinnrils* rcanond to 
liming at Islampur (Mukherji, 19.i2). * ■* 

i or Islampur, the time of application of lime shonl'i prefcnihlv lie after the 
mon.soon. taimpanng the iiu'rt'a.scs in the degree of rahium sntiiralion on arrouiit of 
vf vF rates of 1200 and 1.500 _lh. of Cat.'Ha }«-r m re, it mmis that there is a 

likelihood for greater rtdenlion of ealciuin by the clay, if linii- is a iipHed after the rains. 
Ihis may to explained if the high inonsiH.in niiiiful (IfiO -l2o in.) and the sandy nature of 
the soil at Islampur be taken into consideration when considerahle anuuinta of caieium 
are hkely to be leached down. A riffereuee to table 1, however, indieatew that the 
monsoon rams have caused a reduction in the pH by 0.2 unit unlv in one season. 

f r initially at the rate of 2 tons }ht acre raising the" pH of the soil to 
atout 6.5, then no liming need be done for the nest two lewrs at the end of w-hlch tieriod 
tufa drop to sibout 6.1 or 80 . Application of lime at the rate of 1 ton jxjr acre at 

8p'« rnise the pH to nhout t5,.5. In spite of the 

wfeiwl mill high tniiwiiortation charges, suehs 

practice is likely to prove quite eeanomieal. '=■1 e > 

audl«wl!?!.S cquiUbrlum studies biUcate that for higher doaes of liming the field 
fk’’ comparable, in general, in spite of variations between some 
individual doses. Thus the hming factor for Islampur may be lised at 1.0. 
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comparable values. Incubation was done at 28*^0 and counts made at tlie end of 48 hours 
and the final counts taken at tlie end of 72 hours. Carbon dioxide evolution was estimated 
by Waksman and Starkey's (Waksman and Starkey, 1924) method* 


EESITLTS AKD DISOUSSION 

Tlie physical properties of the soils of the Tiinga])hadra ]woje(‘t area are 
table L Tlieir pH value varies from 8,03 to 0.26. The total water scduble salts i 
in table 3, and the rainfall data in table 2. The average rainfall was 24.80 ine] 
days. Tim total microbial population Is given in table 4. The same is prci^entcd i 
The microbial activity as measured by the evolution of carbon dioxide is given in 
and graphically in Fig. il. 


Table 1 

Physical characteristics of the different types of soils (first foot) met with in the Project area 

(Per cent on oven-dry basis.) 


Hygrps- Water 
■ coplfj luithiig 

eo-eHicieni eapac'iiy 


K| w'ciHc 
gravity 


Salt Clay plus Coarse St. 
conteut silt tine sand 


Katuro of the soil 


1. Beep black soil (with 
gypsum 

do. (No gypBum) 

3. Shallow black soil (with 

gypsum) ’ 

4. do, (without 

gypsum) 

'Mixed' 


Table 2 

Rainfall in inches during the period of experiment 


Romarka 


bong <1 rough t 
Favourabio season 
Hiioven raiufali ■ 
do 
do 


Well distributed 
do 



> POST IHRIGATIOK PiRlOB 

Graph II. Changes in microbial activity during post-irrigation period 
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. TaBI® 3 ' : 

Total „ato,.M ,alt, of the fro, foot h, toil, recomni irrigation 


Block V 


•JiTigation 

t-irrigatioa 


■ ■ Tabi;,k4 . 

Chmgo, in niorcUolpopnIation due ,o irrigation of rtdnfod toil, 


Block III 
'^’o Bianuro 


Block V 
Wet cxiltivation 


Block vir 
Fallow 


Block VIII 
Garden 
enitivation 


Pre-irrigation 

1939 - 40 

Post-irrigation 

1940 - 41 

1941 - 42 

1942 - 43 

1943 - 44 

1944 - 45 

1945 - 40 

1946 - 47 

1947 - 48 


: Tab.LE 5 ■ ■ : 

Average daUy evolution of carbon dioxide in milligrams per 100 


Block III 


Block VII 


Block Vni 


Prs- 

irrigation 

1939- 40 
Post- 
irrigation 

1940- 41 

1941- 42 

1942- 43 

1943- 44 

1944- 45 
1946-4S 

1946- 47 

1947- 43 


+ J% dextrose; (e) % increase. 
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0. IHHIG.TI0N OH HrOBOBrOLOGlCAL CHAHGHS 

. ^^iG^’obioIogical population 

during the first year of irrigation, 

111 which was unmanured. 
reached the maximum. TIL i 
organic matter required by the 
crop grown. O ■' 
judged by the high i ' ' 

with cultivated fallow treatment 
manured and aerated (garden 
during the second year, 
period. Block V, though 
increase in the microbic ’ 
second year. The limit 
the microbial populati 
adequate rainfall in 194 
microbial numbers. Tl 
On the other hand, in b 
time. 

Irrigation alone 
population. The 
in addition to irLg„ 
fall is favourable to 


»he blocks more or less equally 

sver, there was a drop in Block 
tivated fallow, the population 
le absence of easily available 
m of the plant food by the 
fairly rich in organic matter, as 
pre-irrigation samples, coupled 
rest. Block VIIE which was 
in rank during the first year and second 
ed the list during the experimental 
was under wet cultivation. The 
stationary during the 
There were viscissitudes in 
post-irrigation period. Lack of 
a marked depression in the 
— :li year of irrigation. 


Thisfjn VII, cultivat 

Ihis falhn block III was due to the al 

On* i-i A, -“L^ici'o-organisms and depletion r 

was more fertile than the rest, 
cultivation) was first * 

In general, this block 
received organic manures,* ^ 
lalpopulation was not high and remained 
factor was aeration in this block, 

in all the blocks during the i 
, was probably responsible for 
;ot in biooi m V i„ tC S W, of 

VII and yill whiah a„d “S. H 

presence of eMily^aradable **’ microbiological 

tion. The maximum w^otS^'leSed 

bialactM^yjftitrxi™^^^^^^^ creased the mioro- 

VIII, and was in an in™ SS t^t^ oL?’ and lastly 

though received organic manures nn ^ ^ content of the soils. Block V 

aeration, the organic matter could not be utilised to^ cultivation i.e. lack of adequate’ 
When dextrose was added and aerated, appreciable LrilSfS ^bse^"' 

fertility.^^ThrpLtnuteSSriieTteinedirtS^^^^ enhanced soil 

prodded necessary aeration. This^^Sj 

diming post-irrigation period^* TheS^urioTs^Talts^ could'^n^^^^ foot of the soil decreased 
microbial multiplication and activity. ^ to impair 


SUMMARY 

eS’ ^rc^ssrif^stt •>.“ 

)ulation increased considerably during the fir^if -p * • nncro- 

erai, in block VIII which was under garden land cultivation. 

r“”£Mioi yiir.rr£f r'f 1 

-- t-GHlSiliJi/y'd;- 
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*The figures in brackets show the 
of the graphs. 


maximum amount that could be determined on the portion" 


'A 


Shib Naeayah Chakeavaeti 

University College of Science and Technology, Calcutta 

status of soils and^diagnostag Lo'p mL assessing nutritional 

(1937), Baver and Bruner Hotof Brnt no^of n mteoduoed by Anderson and Noble 
English (1944) and others Paeeh and 

cal wkers and has also been emphasised by several Sertin this'cSr;!"'''^ 

category of ions. ^^The^^Mefulnm^or othiwise^oTo*^ exchangeable 

of correlation of the chemical trats on a mechanism rests finally on the extent 

With this object in vieraSries of data of crops, 

series reports the preliminary obsertatio^s wM ^n^Xr^tf Sh 

wan and Hooghly districts of \S BeiJol XT i * ®“"d- 

the basis of levll, the low lyin° lands bSSt wXi 5 ^ distinguished on 

paddy. The overall effect of t'gh Ijmg ones to 

contents. reflected m their nutrient 

EXPERIMENTAL 

The soil samples were collected fromO" 8" 8" s" nr n" o" j ii. r.t 

and paday lands of 16 villages from Burdwan (B) ;nd 17 from Ho^yfE) district^'*” 

obtain JJ; SSL" ”” 

ptooeduta described by P™™! ESiX^i,™^' «>» 
hour a mixture of 10 gm of 100 meK /iff?!' m shaking for half an 

filtering through Whatlan No. 32 or^42 paper ^hT 

colourless and hence the prescribed treatment with nMiVafn/i t °^ear and 

SS.wirjS:“!;=f ii'fs ““3553 

bration curve was utilised for which the extracts had to L suitebTy dilSd 
chemicals used were of reagent quality or of analytical grade. ^ 

( 2001 b.t“'^'“‘"''^^“' ®y ^esslerisation, the colour being stabilised by gum acacia. 
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Calcium: turbidimetrically as calcium citrate stabiUsed by soap solution (1600 lb. 

developed with ehminon teegert and etabiltod bj a stated 

solution (50 lb. p.a.). 

Phosphate: as 
effected by a stannous 
late solution (13.3 lb. p a.). 

Manganese: as i 

in sulphuric acid solution (200 ib. p.a, 

Iron: colour < 

Magnesium; 

Potassium: 

using a red filter provided 


molvbdenum blue, the reduction of the phosphomoiypaare 

chloride-oxalic acid mixture, instead of the acidified stannous 

permanganate, the oxidation being effected by sodium bismuthate 

developed by orthopbenanthroline reagent (40 lb. p.a.). 
colour developed by titan yellow (84 lb. p.a.). 

turbidimetrically as cobaltinitrite, stabilised by isopropyl alcohol, 
with the colorimeter (200 lb. p.a.). 

KESXJLTS AND^ DISCUSSIONS 

uouiits expressed in Ib./acre of nitrogen, potash, 
uinium, manganese and iron of these samples ^nd them g 
1 and la. Of the various constituents analysed, H, Oa anu ivig 
in most of the soils which are, however, more or less » 
1 nitrogen. The ammoniacal nitrogen contents have been aeter- 
lat maW plants, paddy in particular, are now supposed to take 

ffeTthe soil Thi NH,-Nis probably present in the soi as 
such its maximum content and ease of release are largely deter- 
exchange characteristics of the clays present in the soil, ihis aspect 


Soil 

Sample 

No. 


1965] 
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Table la 

Analysis of extracts of soils from the Ughlying lands 


Expressed as Ib./acre 


Soil 


K 

PO 4 

Ca 

Mg 

Al 

; Mri ■ 

Fe 

pH 

Sample 

No. 

X 10 

X 100 

X 10 

X 1000 

X 100 

X 10 

X Kio 

I 

X 100 


IIB 

4.5 

5 

2 

■ 1 ■ 

2.35 

11 

. 0.8 

1 ■ 

5.15 

12 B 

5 

6 

3,5 

2 

4.5 

3.5 

1.9 

0.4 

6.1 

13B 

3.5 

4 

16 

6 

4,5 

6 

0.4 

0.2 

6.3 

14B 

3.5 

3 

13 

6 

12 

3 

1 

0.2 

6.9 

15B 

2 

5,5 

2 

1.6 

’ 5 * 

3.5 

1.8 

1.25 

6.0 

I 6 B 

L5 

5.75 

2 

1.2 

4.5 

2.5 

1.1 

0.3 

5.9 

SH' 

1.5 

4.5 

2 

2.4 

12 

4.5 

1.5 

0.4 

6.3 

9H - 

12.5 

2.73 

3 

L2 

2.25 

■ 4 

1.75 

0.92 

5.8 

lOH 

6 

4,5 

3,5 

2.4 

2.25 

4 

3 

0.52 

5.8 

IIH 

3 

4,5 

■ .6 

2 

2.25 

3,5 

2.75 

0.65 

6.0 

ItH j 

4 

2.65 

6 

2 

2 

10 

2 

L4 

.5.2 

13H i 

4 j 

2.65 

12.5 

5.2 

: .. 4 

5 

1.45 

0.42 

7.25 

14H i 

4 ! 

1.50 

7 

2.8 

2.25 

4 i 

3.25 

0.6 

6.2 

IMi : 

4.5 ' 

2,65 i 

5 

■■ 4 ■ 

2,25 

10 

4 

1,7 

6,65 

16H : 

1.6 

1.5 

6.5 

1.6 

2.1 . 

4 

1.05 

1.25 

5.5 

17Ii 

2 

4,5 

10 

2 

2.25 ■■ ■ 

2.8 

3.26 

0.46 

5,7 


Table % 


Statistical analysis— test 


Nutrient 

s 

ss 

t ■ . 

d. f. 

.05 

at 

.01 

NH4.N 

1.10 

0.41 

^ 3.58^ ■ 

31 

2.04 

2.75 

K 

1 .75 

0.69 

0.28 

25 

2.06 

2.79 

PO4 

0.21 

0.10 

14,9 ♦ 

16 

2.12 

2.92 

Ca 

1,63 

0.57 

0.18 

31 

2.0'4' 

2.75 

Big 

3.49 

1,21 , 

2.B3*' 

31 


1 . n 

Al 

(1.24 

O.OB5 

56.3 * 

31 

»»■■■■■■■ 

1 ■ 'M. 


0.70 

0.24 

2.10* 

31 


■ ■■»>■■■ 

Fe 

0J6 

0.30 

2.90* 

■ 31 ■ 


1 


requires further investigation. The presence of A1 and Fe In an exchangeable form Is 
fairly charaeteriHtie of acidic soiK and these ions are supposed to be toxic, If present in 
large quantities. The pH values of the soil samples are on the acid side lying mostly 
between 5 and 6.5. The contents of A1 and Fe are geneially higher in the acid soils. The 
manganese content is, on an average, higher than Al but lower than Fe. 

The soil samples used in this investigation may be dilferentiatec! on the basis of the 
level of the lands from which they have been collected. The low lying lands, from^whieh^lo 
aamples have been collected, grow oman paddy as the main crop, whereas the high lymg 
lands from which th© reraairiing 17 samples have been obtained are meant for am ^ paddy or 
nerhaps also Jute. In order to see If the soils really differ, as the data apparently show, 
in their nutrient status* the data were subjected to th© *t* test by statistical methods. 
The resulte of this analysis are given in table 2. 
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It will be seen that tbe two categories of soils show several points of difference on 
this basis. Thus, the content of NH^-N is higher (at 1% level) in the case of amm paddy 

than in the aus paddy lands. Similar is the state of affairs with Mg, A1 and Fe. fhe 
contents of PO 4 (1% level) and Mn (at 5% level) are, on the other hand, higher in the high 
lying aus lands than in the atnan paddy lands. The contents of calcium and potassium do 
not appear to he significantly different for the two categories of soil. 


SUMMARY 

The surface soil samples from aman and aus paddy lands of 16 villages of Bordwan 
and 17 villages of Hooghly districts of West Bengal have been analysed, by rapid chemical 
methods, for soil reaction and their contents of NH 4 -N, P, K, Ca, Mg, Fe, AI and Mn. 

Statistical analysis of the results shows that the content NH 4 -N is higher in the 
case of low-lying aman paddy lands ihan in the high-lying aus paddy lands. Similar is the 
state of affairs with Mg, Al and Fe. The contents of P and Mn are higher in the aus paddy 
lands, but those of Ca and K are not significantly different in the two classes of soil. 
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Geology of Little Rann of Kutch and its Bets 

K. V. S. Satyanaeayana akb C. Nabasimha Rao 

Indian Agricultural Research Institute^ New Delhi 


In his classic memoir on the geology of Kutch, Wynne (1892) divided the Jurassic 
rocks of Kutch into four main divisions, Patcham, Chari, Katroi and Umia in order of their 
antiquity. The sedimentary sequence in Kutch ranges from middle Jurassic to late 
Tertiary with a major gap between the Cretaceous sediments and the Tertiary voicanics. 
The general succession of the strata can be summed up as foilo'ivs. 

Sub-recent and Eecent Alluvium 

Stratified traps (with intertrappean 

• U. Cretaceous 

Infra-trappean Grits 


M. Cretaceous 
L. Cretaceous 


Bhuj Series 
Upper Umia 
Lower Umia 
Katroi Series 
Chari „ 
Patcham „ 


U. Jurassic 


M. Jurassic 


Metamorphios ... Cambrian 

Kajnath (193S) carried out intensive field mapping and, on the basis of palaeonto- 
logical as well as field observations, discovered six distinct unconformities in the Jurassic 
sequence of Kuteli. He showed thereby that, during the deposition of jTiirassjc sediments, 
the sea level as not constant but oscillated much. Satyanarayana (1951, 1954) and Sen 
and Satyanarayana (1953) reported some preliminary observations on the soils and their 
mineralogieal composition. In the present paper, attention is specially drawn to the 
geology of the islands oi‘ Bets* in the Little Rann of Kutch, which has not been recorded 
befo». ■■■■■■■■ ■■ 

PHYSIOORAPHY OF LITTLE RAHN 

Little Rann, for the most part, presents a vast, nearly contiguous flat plain of black 
alluvial soil The surface is much cracked up in summer and is interrupted here and there 
by superficial patches of salt encrustations, which at places stretch for considerable dis- 
tances. The monotony of an otherwise flat Rann surface is, however, relieved by the 
presence of a number of islands, which rise from a few feet to about a hundred feet above 
the average flood level of the Rann. Generally the high contoured bets (Group 1) expose 
good sections of the rock strata while the low contoured ones (Group 2} are singularly bare 
of any good rock outcrops. The bets coming under the latter group are, however, capped 
by rich alluvium, which permits thick, luxuriant vegetation. Only one bet is inhabited 
(Namda) and here the richness of the alluvium is rightly made use of in promoting some 
amount of cultivation. The most impoiiiant bets are listed in groups 1 and 2. 
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Gbofp L {Elevation 20 to 150 ft approximately) 

(a) Mardak Bet (23® 22' 30" to 23° 23' ; 71° 3' to 71° 7' 30") 

(b) Keshmari Bet (23° 16' to 23° 17' ; 71° 0' 30" to 71° 2') 

(c) Bliangarwa Bet (23° 16' to 23° 17' ; 71° 6' 30" to 71° 7' 30") 

(d) Dhutariniata (23° 30' to 23° 33' ; 71° 19' to 71° 21' 30") 

Gkoup 2. {Elevation less than 20 ft.) 

(e) Pung Bet (23° 23' to 23° 30' ; 71° 8' 30" to 71° 8' 50") 

(f) Shedwa Bet (23° 29' 50" to 23° 30' ; 71° 8' 30" to 71° 8' 50") 

(g) Nanda Bet (23° 34' 50" ; 71° 8' 50") 

(h) Wasra Solanki (23° 23' to 23° 25' ; 71° 22' 30" to 71° 27') 

GEOLOGICAL SEQUENCE IN THE BETS 

The stratified horizons exposed in some of the above mentioned^ bets belong to the 
Bhnj Series, associated with a few outliers of the later traps, coarse gritty sand stones and 
recent alluvium. The succession of strata is as follows 


Black alluvium 
Coarse gritty sand-stones 

Intrusive traps 
Bhuj series 


Recent 

Sub-recent 

U, Cretaceous 
M. Cretaceous 


DETAILED DESCRIPTIONS 

Bhuj Series : These are the main series that are exposed in the area and con- 
stitute the main rock types in Keshmari, Bhangarwa and part of Mardak Bets, The 
former two islands are aligned in a line stretching from west to east and consist of low 
ridges, Bhuj series in these islands start with a basal bed of cream coloured, variegated 
concretionary clayey sand stones. The concretions are rounded and rod shaped and are 
made up of essentially brownish red iron oxide. At some places, the bed is traversed by 
several parallel bands of iron oxide. 

These are succeeded by purple coloured ferruginous sand stones, the top layers of 
which appear more slaggy and comparatively well-iaminated than the bottom layers^ 
The sand stones are much weathered and iateritic at places;, and exhibit a peculiar con- 
centric weathering on the surface. As Wynne (1892) remarked, the more slaggy and 
Iateritic portions of the bed, resemble the waste heaps of an iron foundry. 

The beds have a uniform strike df’E-NEiWSW, with a gentle dip of 3 to 4*^ towards 
. N"NW, No fossils have been found despite close search. 

Traps : The trappean basalts come next in succession since the infratrappean 
grits exposed elsewhere in Kutch (East of Bachau) are missing in the bets. 

They outcrop on the southern slopes of the Mardak Bet. The bet, highest in the 
Little Rann, stretches east west longitudinally almost in the same line as the outstretched 
tongue of the mainland at Gon. The outcrops are exposed as four distinct and apparently 
disconnected patches at the base of the southern flanks of the bet along a line, stretching 
from west to east approximately parallel to the configuration of the bet. The intervening 
areas consist either of purple ferruginous sand stones of Bhuj series or more usually black 
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Ab elsewhere, the traps here also' occupy the low lying valleys wiiile the higher 
reaches of the bet are occupied by coarse gritty sand-stones. 

In the liaiid specimen, the trap shows a dark greenish color, fine grained texture 
and is very compact. It breaks with a conchoidal fracture. 

Thin section of the rock reveals a considerable amount of interstitial glass and 
abundant plagio-clase and augite with smaller amounts of iron oxides chiefly magnetite. 

The surface rocks are much disintegrated and are traversed by numerous rhombic 
joints. The entire bed thus shows a sort of rhombic splintery weathering. Because of 
their distinct contacts with the surrounding rocks, their restricted distribution in roughly 
elongated patches and their occurrence as apparently disconnected patches intervened by 
purple sand stones, the traps might be considered intrusive into the latter. Wynne (1892) 
considered similar occurrences on the mainland to have formed the initial feeders, for the 
later effusive traps. 

Sub-recent sandstones : The traps are succeeded on the upper reaches of the 
Mardak Bet by pale yellow, coarse, loosely cemented laminated sandstones. In the 
immediate vicinity of the traps, i. e. on the southern slopes of the bet, they show a NE- 
SW trend with a some what high dip of 20® towards N. W. The strike changes abruptly 
to East-West on the top of the hill with a gentle dip of 4® to the South. The general 
alignment of the beds, however, seems to coincide with those observed near Kanmer and 
Gon in the main land. 

Exposures of similar sand-stones are also found on the Shedwa Bet. They have 
the same N.E.-S.W. trend with a gentle north-westerly dip, but here the rocks are more 
flaky and contain considerable amounts of mica. Embedded in the sand stones are scanty, 
ill developed patches of nodular concretions of lime which have a highly deceptive altered 
granitic appearance. 

Recent alluvium I The mainland to the east of Little Rann is wholly made up of 
recent alluvium, brought down every year by the flood waters of the three main rivers, 
Banas, Saraswati and Eupen and numerous other streamlets. *3'he Little Rann itself, 
which was a shallow arm of the sea in the not very distant past, w^as gradually silted up 
to the x^resent level by the enormous amounts of sediments brought down by tlie north as 
well as the west flowing rivers principally. It is to be . recognized that the Little Rann 
and surrounding areas are covered by two types of alluvium, the black and cream colour- 
ed, The lormer, of course, is the master alluvium that constitutes the erxtire Little Rann 
but the latter is however met with in most of the bets as a thin cover, over the rocks. The 
gullies, depressions and slopes of the bets are again ‘ capped -by black alluvium, obviously 
transported and deposited by strong winds that are so common in the Little Rann. 

The Black alluvium that constitutes the 'Rann surface is similar to the 'Regur* or 
the black cotton soil, that is so predominant in the Deccan Plateau, and is generally well 
stocked in the elements, necessary for plant growth. But the high percentage of salt In 
the soil has temporarily made it unfit for the growth of vegetation. When once the salts 
are drained out, the soil becomes useful for cultivation. The phenomenon is well illustrat- 
ed by the small mounds in some places, hardly rising to about six inches above the Rann 
surface, supporting good amount of grass vegetation and they contain lesser amounts of 
salts in comparison with the rest of the surrounding area. 

On the basis of heavy mineral analyses of 'a number of profiles, Sen and Satya- 
narayana (1963) have concluded that the Rann sediments had a common environment of 
iwdimentation throughout. They inferred further that the traps are the dominant parent 
materials that contributed sediments in the south, wfaUe the sediments to 'the north showed 
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increasmg admixture of non-basaltic materials derived possibly from the Metamorphics of 

Kajastiian and Kutch. 

Salt and G'Vt>sum : Because of the encroacliment of the sea in the high ti e 
every year, the soof of Little Rann possess a high persentage of salts °|J for 

ThP matches of white salt encrustation on the surface, at times, stretcn lor 

LnsWerabll distances. The salt content in the soil, however, does not ders'^’^S 

throughout. The presence of salt pans all along the southern and eastern horde , 1 

to a higher salt content in these areas than in the northern and western margi . 

The gypsum deposits of the Little Rann are negligible Gypsum occurs as small 
yellow transfamnt blades and needles in the bluish clay horizon 2 to 3 L below Ae 

surface. The crystals are generally tabular and are usually 2 m. to 4 in. in ie . 

total gypsum available is however not knovpn. 

SUMMARY 

The geology of the Little Rann and its bets is studied. Little Rami is "P ^ 
black alluvium chiefly with patches of white salt encrustations deposited during the I g 
tide invasion of the sea from S. W. The chief rock formations exposed m some of the bets 
belong successively to the Bhuj series, Deccan trappean Basalts, Sub-recent sand-stones 
and Recent alluvium. 

The Sub-recent sand-stones in Mardak bet show evidences of much disturb inces 
indicated by their contrasted dips within a small area. The general alignment ot the 
as well as the strata are, however, in agreement with those observed near Kanmer 
on the main land. As such these beds may be considered as the continuation of the same 
StSind axis, a conclusion guessed -by Wynne (1892). Possibly this is also the same 
anticline referred as the Habo anticline by Auden (1951). 


Auden, J.B. 
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Influence of the Method of Storage on the Microbiological 
Properties of Soil Samples 

0. N. Achahya and S. P. Jain 

Indian Agricultural Research Institute:;^ New Delhi 

Fnr nni-Doee of microbiological analysis, a fresh sample of soil is likely to give the 
resultV but 1h°s moSedure is often not possible of adoption, especially m cases where 
oil fields are situated far away from the analytical l^boratOTy or where a large numb 

amnles have to be taken simultaneously and analysed later. M such cases, it is me 

tice to air-drv the samples and preserve them for microbiological analysis for some 
d which in Lne cases may extend over some weeks or even months. The method of 
m;of Sl samX varies gLatly in different laboratories, ranging from storage in 
^bal or nawflrtoS^t^ in sample bottles with glass or rubber stoppers 

obkct cJ the present investigation was to examine whether the adoption of different 
lods of storage pmduccs differences ill the microbiological properties of the soil e.g. 

1 ,-, t,ii« microbiolodcal properties ot the soil due to adoption of 


82 


JOTTENAI, Off TH® INMAN SOCIETY 


Off SOIL SCIENCE 





Table 1 

Ammonifying potver of differently stored soils 

f ■ : ^S- o£m, formed 


. J® at 3o°C from 

of Bemy s solution. 


aerobic 

storage 


‘ Delhi soil (I. A. B. I. 
Dab— sandy loam) 
Delhi soil (I. A. B. I. 2 
3A— sandy loam) 

Piisa (Bihar) soil — calc£ 
Guntur black cotton so 
Coimbatore black soil 


le ammonifying powers of smi] general, no appreciable 

IS are capable of forming spores CWat an H-l/f 

months showin general dlhH°T- samples stored 

samples, but after 12^ months ^orasf^'h “itrogen fixing powers 
■“* mtrogen fixing powers than ti 5^^®’ ^'i^a.erobieally stoted 


ammonia producing enz^ 

^ robic storage. 

ii, e ■?■ ^^i^oBenfix. 
the 5 soil samples stored 

A perusal of the data 
pnder anaerobic conditions for 6 
than the aerobically stored sai 

samples show somewhat lower i 

in both the cases, the difi'erpnf>pa 
no appreciable difference betvSenS effect, nf^C 
fiang power of the soil. ” ^ 


™dby „.i„gih,„iHte,f«a“X™ ”™ ‘l» dV 

eoila m ^ttles nnder optimum conditions of’m^tm^ tdoo/ of tbe diiTcrent 

«mp.mtnr. (30-C) .nd oeralion (by perMcTrSt-ng S tK at). 

of °ton®ajr«te‘ts^^^ “‘"“'ios ‘lio «.»o«nl 

m.nn.t. mcdtumcud incubated for 7 d.y, .t 30"C bcforetmatog cn 'Cff 

f. popcr ,icb»,.;.„d 

Tables 1 to 5. The results obtained are presented in 

wM the- “ ttr i»- oi-f-sd 

months. ® “d anaerobic conditions for 6 to 12 


6 months of 

1 By soil after 1 2 months of 

anaerobic 

stroage 

aerobic 

storage 

anaerobic 

storage 

13.51 

13.94 

10.52 

16.40 

13.77 

17.00 

15.80 

20.22 

20.56 

16.60 

16.21 

18.13 



n.oo 

17.68 

16,66 



aerobic 

storage 


ariaerobio 

storage 


Tabus 2 


Nitrogen fixing powers of differently stored soils 


Mg. of N Bxed per 100 ml. of Ashby’s mannito 
medium in 7 days at 30° 0 


Delhi soil (I. A. H. I, Phipp’s 
Lab — ■ sandy loam ) 

Delhi soil (L A. R. I. Top Block 
, ■ 3A —saiidy loam.) 

Posa (Bihar) soil — calcareous,,, 
Gtmtur black cotton soil 
Coimbatore black soil 


By soil after 6 months of 


By soil after 12 months of 


aerobic 

anaerobic 

aerobic 

> anaerobic 

storage 

storage 

storage 

! storage 

7.49 

9.06 

7.77 

5.67 

10.78 

11.62 

9.84 

9.42 

9.52 

9.48 

8,81 

8.60 

9.31 

10.92 

8.00 

7.12 

10.08 

8.75 

8.84 

■ 5.97 


Nitrifying powers of differently stored soils 


(Omeiiansky’s No. 1 medium) 


1. Delhi soli (I. A. R. L Fliipp’s 
Lab — sandy loam) 

2. Delhi soli (I. A. R. I. Top Block 
3A— sandy loam) 

3. Puaa ( Bihar) soil — calcareous . , , 

4. Guntur black cotton soil 


Mg. of KO 3 -K formed per 100 mi. medium in 
1 week at 30^C. 


IIL Nitrifying pawer: Table 3 gives a comparison of the nitrite forming capacity 
of the differently stored soils, using Omeliansky’s ammonium sulphate medium. Table 4 
gives the values for nitrate formed by the above soils, using Winogradsky’s nitrite 
medium. 
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aerobic 

j anaerobic 

storage 

1 storage 

0.80 

j 0.38 

1.11 

LOO 

2.00 

1.14 

1.02 

0.33 

1.08 

0.69 


EFFECT OF STORAOE ON MCROBIOLOaiOAL FBOFBRTIES OF SOIL 


A comparison of the data contained in tables 3 and 4 against the data contained 
in tables 1 and 2 would show that, as compared to the ammonifying and nitrogen fixing 
powers, the nitrifying power of the soil is much more sensitive to anaerobic conditions. 
After 6 months of storage in rubber or glass stoppered bottles, the nitrifying power, as 
measured by the formation of nitrite from ammonium salt, is reduced by 50 to 70 per cent, 
though there is much variation from soil to soil. At the end of 12 months storage, nitrlfy- 
iog powers of some of the samples under anaerobic storage decreased to a level of about 10 
to 20% of that of the aerobically stored samples. 


Table 3 


By soil after 6 mouths of 


By soil after ] 2 months of 


0.09 


LOO 

1.05 

0.17 

0.15 


0.66 


1.30 

1.72 

L32 

0.88 
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'Table 4 .; 

Nitrifying powers of differently stored soils 
Winogradsky’s Medium No. 2 (Nitrite) 


L Delhrsoil (I. A. R, I. Phipp’s | , 

Lab— sandy leant) ... 0.546 0.484 0.750 ; 0.100 

2. Delhi soil (1. A. R.I. Top Block I 

3A— sandy loam) ... 0.781 0.641 0.710 j 0.500 

3. Piisa (Bihar) soil— calcareous... 2,040 0.625 1.620 | 

4. Guntur black cotton soil ... ' 1.062 0,406 1.160 I 0.2o0 

5. Goimbatore black soil ... 1.180 0.515 D040 i 0.2(H) 

As regards the oxidation of nitrite to nitrate in Winogradsky’s medium No. 2 {vide 
Table 4), the position is similar to the oxidation of ammonia to nitrite, as reported in table 
3. The organisms connected with this reaction appear to be highly sensitive io anaerobic 
conditions, and there is considerable fall of nitrifying power in samples stored anaerobically 
for 6 and 12 months, as compared to aerobically stored samples, 

IV. Nitrifiahility of soil nitrogen: Table 5 gives the data obtained for the nitri- 
iiability of soil nitrogen in soil samples stored under aerobic and anaerobic conditions. 

Table. -5.. '• 

Niirifiability of soil nitrogen in differently stored samples 

I Mff. of NO«-N formed per 100 ^m. soil 

■ 

■■ f 

In 1 month In 2 months j In 3 months i In 4 months 

l..^' iDeibi^::'80,il. (1. A.TL 1.,, '■ Piiipp’s . ■ ■ ■ ■■■■■.■■■ ■ ■ .!■ 

Lab.— sandy loiim). 

After aerobic storage for 0 

months. 1.04 1.125 1.125 1.50 

After anaerobic storage for 9 

months ... 1.50 1.66 1.50 L50 

2. Delhi soil (I. A. R, I. Top Block 
3A— sandy loam) 

After aerobic storage for 9 

months ... 1.25 1.25 1.58 1.75 

After anaerobic storage for 9 

months ... 2.00 2.38 3.00 3.00 

3. Pusa (Bihar) soil, calcareous 
After aerobic storage for 9 

months ... 1.50 1.78 2.50 3.00 

After anaerobic storage for 9 

months ... 1,50 1.78 3.13 3.50 

4. Guntur black cotton soil 

After aerobic storage for 9 

3^onths ... 1.04 1.32 1.32 L58 

After anaejobic storage for 9 

»^onths ... 2.04 3;33 4.10 4,10 

6. Coimbatore black soil 

After aerobic storage for 9 

... 1.26 1.30 1.30 l.-'iS 

After anaerobic storage for 9 

months ... 1.66 2.50 3.00 3 7K 


Mff, ofNO.j-N' formed 

per 100 ml. medium 



ill 2 weeks at 



By soil after 6 

months of 

By soil afior .12 

months of 


aerobic 

anaerobic 

aerobic 

anaerobic 


storage 

storage 

storage 

storage 

,, 

0.546 

0.484 

0.750 

0.100 


0.781 

0.641 

0.710 

0.500 

’ 1 

2,040 

0.625 

L620 

0,700 

i 

1.062 

0.406 

1.160 

0.250 

1 

1.180 

0.515 

1,040 

0.200 








Tile nitrifying power as determined by the nitrifiability of soil nitrogen shows a 
different picture from the nitrifying power as determined in Omeliansky and Winogradsky^s 
media, ^ In the case of the soil medium^ there appears to be no adverse effect exei‘ted by 
anaerobic storage for 9 months. On the other hand, anaerobic storage of the soil seems, in 
general, to have a beneFiciai effect in increasing the quantity of nitrate formed in the soil in 4 
montfis’ time. This may jjossibly he due to the fact that the anaerobic ammonifying orga- 
nisms liave been sls'mulated by anaerobic storage and hence the quantity of ammonia 
formcfi from the soil by the ammonifiers and subsequently converted into nitrate by the 
nitrifying organisms Is grea,ter. It is also possible that, as*m the case of partial steiilization, 
of soil (Hiisseii, 1950), which increases the subsequent formation of ammonia and nitrate, 
the organisms which are harmful for ammonifying and nitrifying processes may be partially 
destiwed during the period of anaerobic storage and thus the subsequent formation of 
ammonia and nitrate may be accelerated. The matter requires further examination, 
especially as in some cases, e.g, the black soils from Guntur and Coimbatore, the beneficial 
effect of anaerobic storage on the subsequent nitrification of the soil organic matter is very 
•marked.' ■ ■ ■ 

kSUMMARY ■ 

Storage of soli samples in bottles closed with cotton wool or cloth (aerobic storage) 
wms compared against storage in bottles closed with rubber or glass stoppers (anaerobic 
storage) in regard to the effect of the treatments on the ammonifying, nitrifying and 
nitrogen fixing powers of the soil after 0 and 12 months of storage. Iii respect of ammoni- 
fying and nitrogen fixing powers, there was no appreciable difference between the two 
methods of storage, but the nitrifying power, as determined in Omeliansky and 
Winogradsky’s media was mueli lower in the anaerobically stored samples, as compared to 
the aerobically stored samples. 

, The nitrifiability of soil organic matter, as measured by the quantity of nitrate 
formed by incubation of the soil under optimum conditions of moisture, temperature and 
aeration, was higher in the ease of soil samples which liad been previously kept stored 
under anaerobic conditions, as compared to soils which had been stored under aerobic 

.'condit'kins. 
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Effect of Synthetic Soil Conditioners on Soil Structure 

E. V. Tamhane and R. K. Chibbee 

Indian Agricultural Research Institute, New Delhi 

It is recognised that the productivity of a soil depends on good soil structure 
besides its nutrient status. The objective of good soil management is to ensure good soil 
structure. Soils with good structure drain well and can be ploughed and cultivated 
easily, and offer less resistance to the emergence of seedlings. Correlations have been 
noted by many workers between diifferent levels of physical conditions of the soil and crop 
production, ' ■ 

Since long, attempts have been made to improve the structural status of soils by 
the addition of organic manures. Chemicals, like potassium and sodium silicates (Laws, 
1951; Laws and Page, 1946) and some cellulose compounds were tried, but these proved 
either toxic or less eifective. The constituents derived from the decomposition products 
of the organic matter are the polyuronides and bacterial polysaccharides. Knowledge of 
these naturally occuring substances that improve soil structure indicated the possibility of 
developing methods for synthesizing substances having similar properties. Recently in 
the U. S. A. and other European countries, poly- electrolyte resins have been produced 
under various trade names. These products are familiarly known as 'Soil Conditioners/ 

The discov^ery of synthetic soil conditioners has been received with great interest 
all over the world and a series of papers have been published by the personnel of the 
Monsanto Chemical Company, the manufacturer of 'Krilium’ Soil Conditioner (Hedrick 
and Mowry, 1952; Ruehrwein and Ward, 1952 and Weeks and Colter, 1952). Soil 
conditioners were put to laboratory and field tests which showed that their application 
at the rate of 0.01 to 0.1 per cent to soil having poor structure increased the aggregation 
as determined by wet sieving (Hedrick and Mowry, 1952). The increased stability of 
soil aggregates due to soil conditioners on different soils has been reported by many 
workers: Taylor and Martin (1953) on fine-textured Miami silt-loam and other soils; 
Martin (1953) on several Ohio soils; Hagin and Bodman (1954) on some California and 
Israeli soils; Kapoor and Nair (1954) on black clayey soil and red loams; Emerson (1954) 
on acid and calcareous soils at Eothamsted; Moss et ah (1954) on some soils of New 
Zealand; Hill (1954) on some Canadian soils; Alderfer (1954) on some Pennsylvania soils; 
Bolton, Fulton and Aylesworth (1955) on Brookstone Clay soil; Allison (1952) on saline 
and alkali soils; Blartin and Jones (1954) on prepared soils containing high percentages of 
sodium or potassiinn; Berryman (1953) on a degraded soil; and Hayes and Simpson (1953) 
on a heavy clay soil of Midlothian (England) have found increase in ivater stable aggre* 
gates with the addition of kriliuro. 

Krilium has also been studied as to its effect on erosion control. Application of 
I Ib. of conditioner per 100 sq. feet has,- in most cases, provided satisfactory protection to 
the soil (Weeks and Colter, 1952). About 1 lb. of krilium or less per 100 sq. feet 
reduced run off (Slater, 1953) and its use may be expected to develop in treating slopes to 
protect them temporarily against erosion until vegetation is established (Swanson, 1952). 
Soil conditioners applied to the surface or mixed with the soil generally increased the 
erodibility by wind but the erosion by water was reduced (Ohepil, 1954). 

One of the most promising effects of the synthetic soli conditioners is their ability 
to reduce surface crusting of soils (Pearson and Jamison, 1053). Surface crusting is an 
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Important factor in seedling emergence and in trials on some soils of New Zealand, kriliiim 
increased the germination (Moss et al 1954). Field and laboratory tests reported by 
Jamison (1954) show that the method of soil treatment with a soil conditioner and weiitlicr 
conditions after treatment will modify the effect upon soil crnstB formed. W hen sprayed 
on the surface, they may give rise to tough soil-plastic crusts that a]‘e harder than natural 
crasts upon drying. 

As a consequence of greater aggregation, increases in porosity, water it Jilt ration,^ 
and permeability have been obtained (Martin, 1053). The results of a number of 
experiments have demonstrated that infiltration is increased by the use of conditJonorB on 
soils that tend to crust (Pearson and Jamison, 1953). Tests made mi alkali soils, that 
were low in permeability, gave marked increases in permeability -willi krilium treatment 
(Allison, 1952). 

Hedrick and Mowry (1952) have found that tlie moisture equivalent of the soil 
is increased. According to Pearson and Jamison (1953), the soil conditioners cannot eaiiBe 
an important increase in the available water holding capacity. 

The effect of soil conditioners on saline and alkali soils has been studied In conside- 
rable detail by Allison (1952) who found that they were quite effective in producing water 
stable aggregates and in increasing water infiltration and permeability, Martin and Jones 
(1954) also found increased aggregation in conditioner treated dispersed soils containing 
high exchangeable sodium. 

The effectiveness of soil conditioner depends on a number of factors such as soil 
texture, soil moisture, initial soil structure and the method of application. Sherwood and 
Engibous (1953) have found that, in general, soils of a high clay contents which compact 
and crust badly, have responded best to soil conditioners. However, some degree of 
structural response has been obtained on all soils regardless of initial structure ieveh 
Hedrick and Mowry (1952) have found that greater aggregation is obtained on fine textured 
rather than coarse textured soils. Krilium has been found suitable only for soils with a 
high clay contents, sand and loamy soils have showm no response (Moss et aL 1954). It 
took more conditioner to effect the same degree of aggregation on the larger sized 
fractions of silica sand (Martin, 1953). Since the stablizing effect of krilium is related with 
clay, it may be expected that with low amounts of clay, the effectiveness of krilium will 
be proportionately less. But Aiderfer (1954) has found that in the presence of only a 
modest amount of silt and clay, considerable quantities of the finer sands may be combined 
into aggregates larger than 0,25 mm. Laws (1954), while wwking with Texas soils, found 
that the conditioner was more effective as an aggregating agent on a sandy loam and clay 
loam soils than on heavy clay soils. Like soils high in fertility w'hich require no fm tilizMtloii 
for maximum crop yields, soil in good tilth will require no krilium for soil structure improve- 
ment (Swanson, 1952). Mukherjee (1954) found the absorpsion of krilium by montmorlllo- 
nite clays to a large extent, the product being more hydrophillic than the original clay. 

With soil moisture near field capacity, changes in structural conditions are notice- 
able within an hour after incorporation (Taylor and Martin, 1953). If too wet, ‘‘gumming 
occurs and good mixing is difficult; if too dry, the soil should be mixed after irrigution 
or rain (Martin, 1953). Krilium in its original form (hydrolysed polymer of acrylonitrile) 
proved somewhat difficult to incorporate in moist British soils. 

The method of application is extremely important. Thorough mixing of the soil 
aggregating chemicals with the soil is essential for maximum aggregation. TLe soil 
conditioners cannot be added to the soil without disturbing it. If not worked In, the 
conditioners act only on the top eighth of an inch or so of soil Like nitrogenous fertili- 
zers they do not work down into the soil as the season progresses (Swanson, 1953). 
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SOIL OONDITIOHEES AND SOIL STEUCTDRE 


The syiiilietic soil conditioners are said to be resistant to microbial decomposition 
(Hedrick and Mowrj^ 1952), Martin (1953) found that the percentage aggregation 
decreased sribstantially with time, but the treated soils were neverthless considerably 
better aggregated at the end of the second season than were the controls. M.ortensen and 
Martin (1054), by following radioactive tracer technique using 0^4 labeled polymers, found 
that the syhihetic soil conditioners are resistant to extensive microbial decomposition. 
Even thoogh the striieturo stabilized by syrithetic conditioners is resistant to microbial 
attack, the stability can be destroyed by overworking or faulty cultivation (Moss et ah 
1954). 

EXPERIMENTAL 

In the present study, three types of soil conditioners namely^ Krilium, formulation 
No. 0, Aeroti! and Poly-ack were tested on four different soils ranging from heavy clay soil 
to a sandy loam. 

Krilium formulation No. 9 is a slightly yellowdsh powder which is highly hygros- 
copic. Chemically this material is a sodium or calcium salt of a hydrolysed polymer of 
acrylonitrile. Aerotil is the trade mark used on the soil conditioner produced by American 
Cyanamid Company, This material is also hydrolysed polymer of acrylonitrile. Poly-ack, 
is also a hydroh7sed polyacrylonitrile, obtained from Wilson Export and Import €orpor<a- 
tion, New York. This product is a resinous liquid and can only be used with a sprayer. 
The three materials differ probably in the degree of polymerization. The polyanions of these 
soil conditioners, with numerous negative charges on them, link up with cations of sodium, 
calcium and magnesium present on clay particles and these are bound into larger aggre- 
gates by polymer bridges (lluehrwein & Ward, 1952) because the long chain like molecules 
are much bigger than a clay particle. 

The methods followed to evaluate struettire in the present study include determi- 
nation of %vaterhoIdiiig capacity, rate of water infiltration or percolation, the state of 
aggregation and tlie size distribution and the stability of the aggregates, and the dispersion 
and sedimentation rates of treated and untreated soils in water. Soil conditioners were 
apidied to soils [)assing through 2 mm. sieve with moisture at their one-third w^ater holding 
capacity and mixed tlioroiigliiy. After 24 hoiii’s, the soils were irrigated to bring the 
moisture level to their water holding capacity. Then the soils were kept in the sun to 
bring down tiio Jiioisture to one-third water holding capacity at wiiich the soil samples 
were taken, dried and subjected to aggregate analysis by wet sieving (Yoder, 1936). 


RESULTS i^ND DISCUSSION 

A desirable soil structure should be as stable as possible. A soil structure can 
break up In many tvays, one of them being that the cementing agents may fail to hold the 
soli particles together when wet. Therefore, to see the stability of the soil structure, water 
stable aggregates were determined in treated and untreated soils with different day 
contents, A heavy clay soil containing 54 per cent day was treated with krilium at the 
rate of 0.05 and OJ, g. per 100 g. of soli. The results of different sized water stable 
aggregates, as determined by wet sieving (Yoder, 1936), presented in table 1, indicate that 
increasing i|uant.ities of krilium increased the shift to larger aggregate sizes with correspond- 
ing decrease in the smaller sizes. It appears that most of the aggregation has taken place 
in the size group of 2 mm. to 1 mm. 
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Size of the water stable 
aggregates . 


Above 2 mm. 

2 mm. to 1 mm. 

1 mm. to 0.2 mm. 
below 0.2 mm. 
above 2 mm. 

2 iiim. to 1 mm. 

1 mm. to 0.2 mra. 
below 0.2 mm. 
above 2 mm. 

2 mm. to 1 mm, 

1 mm. to 0.2 mm. 
below 0.2 mm. 


Table 1 

Size distribution of aggregates in soil of 54% clay (black soil) 


Table 2 

Size distribution of aggregates in soil of 46% clay (black soil) 


Percentage of water stable aggregates 


Table 3 

Size distribution of water stable aggregates 


Treatment 


Untreated 
Krilium (0.1%) 
Untreated 
KriHum (0.15%) 
Aerotil (0.15%) 


Soil type 


Percentage of aggregates on 
oven dry }.)0.sia 


above 

1.5 mm. 

1.5 to 0.5 mm. 

■ j 

i 0.5 to O.i 

0.2 

3.0 

54.4 

9.4 

14.1 

47.8 

8.3 

13.0 

47.0 

8.0 

11,0 

46.1 


below 
0.15 mm. 


Black soil (31% clay) 
Sandy loam 


nil 

12.00 

50.40 

30.70 

0.30 

20.00 

52.20 

21.50 

2.10 

37.30 

36.80 

23.80 


Treatment 


42.4 

28.7 

31.7 
34.9 


Water stable aggregates per cent 


above 

1.5 to 0. 

L.6 mm. 

mm. 


3.0 

3,1 

10.3 

nil 

nil 

14.4 

15.0 

2.5 

11.9 


.5 to 0.25 

below 

mm. 

0.25 mm. 

68.5 

28.4 

80.8 

5.7 

16.3 

83.7 

23.0 

, 46.8 

34.0 

51.6 


1. Untreated 

2. Krilium treated (0.1%) 

3. Poly-ack (0.1%) 

4. Aerotil (0.1%) 











SOIL CONBITIONBBS AND SOIL STEUOTITRB 


From the results given in tables 2 and 3, it is seen that by the addition of soil 
conditioners larger vater stable aggregates are produced. Out of three soil conditioners 
(Table 2) tried, kriliimi seems to be more effective. In case of black soil, particles below 
0.25 mm. size which constitute 28.46 per cent of the untreated soil were reduced to 5.72 
per cent. Although aggregate formation is mainly brought about through tha agency of 
clay particles, the addition of increased amounts of soil conditioners (0.15%) has enabled 
the clay particles to form a network around silt and sand particles to form larger water 
stable aggregates in a sandy loam. The results given in table 3 show that, with the 
addition of kriilum and aerotii, the aggregation percentage above 0.25 mm. size is increased 
from 16.3 in untreated soil to 53.2 per cent and 48.4 per cent respectively. To be effective 
in creating favourable structural conditions, it is commonly assumed that these aggregates 
should have diameters greater than 0.25 mm, (Alderfer, 1954). 

The effect of soil conditioners to form and to stabilize soil aggregates against the 
slaking action of water can be of great use on soils with poor structure, in which the 
crumbs break down by rainfall or irrigation w’ater to form smooth, crusty surface which 
may impair normal plant growth. In the opinion of Michaels and Lambe (1953), it 
appears likely that polyelectrolytes flocculate the fine soil particles into stable, water 
resistant aggregates, and stabilize such aggregates as may exist prior to addition of 
polyeleetolyte. 

To determine the elementary units of stable aggregates in a heavy clay soil with 
54% clay, treated and untreated soils were dispersed in water. Suspensions were pipetted 
out at lU cm, depth for unaggregated silt and clay. The results are presented in table 4. 
Similarly, another soil 'with 31 per cent clay was dispersed in water with and without the 
addition of krilium. In this case, the suspensions were pipetted out at 10 cm. depth after 
fixed intervals. In anotlier ex])eriment, a sandy loam was kneaded till it lost its original 
structure. The soil thus prepared was dispersed in w^ater with and without krilium to 
determine the effect of iinaggregated silt and clay particles. TUe results given in table 4 and 
5 indicate that, with the addition of soil conditioners, silt and clay particles are aggregated 
to larger units which may further unite to form still larger aggregates. 

■ Table 4 , , 


Flocculation of silt and clay 


Treatment 


XJnaggregated silt and clay jjer 100 gm. soil 


Heavy clay soil 


Ivneaded sandy loam 


1. Untreated 

2. Kriliimi (0.1%) 

3. Foly-ack (O.Ff/i;)) 

4. Aerotii 


Treatment 


Table 5 


Water dispersu n of soil having 31% cloy 


Percentage of tinaggregated soil particles after 


1. Un treated 
2* Krilium i0.l%) 
3. Aerotii (0.1%) 


<1 
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Crumb formation : The surface soil should be crumbly and crumbs should be large 
enough not to be blown away by wind and they should also be stable to the action oi w'^ater. 
This characteristic is very important where lot of wind or water erosions occur. Formation 
of larger aggregates by the application of krilium and aerotil in the surface soil to a depth 
of one inch resulted in the characteristic ‘Grumb^ formation, even in Delhi soil which is 
low in clay content. In both treated and untreated plots crumbs were formed by water- 
ing the plots with a rose-head can, then raking and drying the plots. On repeating a good 
crumbly structure was produced on the surface. When the plots were flood- irrigated, the 
soil crumbs in the treated plots were found resistant to the slaking effect of w'ater while 
in the untreated plots, crumbs were broken down to form a smooth surface {Big. 1, 2 and 3). 

Water infiltration : Percolation rates for water infiltration w^ere studied on treated 
and untreated soils on different sized aggregates. The data in table 6 indicate that, in 
case of krilium treated soils, the aggregates of the size of 1.5 mm. to 4 mm. are more stable 
and do not break down when the water precolates through them. While in case of untreat- 
ed soil, most of the aggregates break down with the action of water and thus the pore 
spaces or channels are blocked and consequently the rate of percolation gets retarded. 
Thus krilium aids in improving drainage and aeration, both contributing to good root 
systems and better utilization of nutrients from the soil. 


Rate of water percolation through different sized aggregates . 


Treatment 

Size of the aggregates 

Amount of water percolates 
in 30 minutes 

li Untreated 

4 mm. to 6 mm. 

102 cc. 

(6 inches soil column) 

2.5 mm. to 4 mm. 

140 ec. 


1.5 mm, to 2.5 mm. 

ill ce. 


0.5 mm. to 1.5 mm. 

66 ce. 

2. SriKum (0.1%) 

4,0 mm. to 6.0 mm. 

348 cc. 

• (6 inches soil column) 

2.5 mm, to 4.0 mm. 

1020 ec. 


1.5 mm. to 2.5 mm. 

459 cc. 


0.5 mm. to 1.5 mrn. 

240 cc. 


Penetration: It has been noted during the course of present study that the soil 
conditioners are not capable of being leached down to the sub-soil and only cultural 
operations could physically carry them down to the lower layers. Krilium was applied to 
the soil only on the surface one inch layer and then it was alternately irrigated and dried 
three times. Samples were drawn from treated and untreated soils at 0 to 1 inch, I to 2 
inches and 2 to 4 inches depths. The samples were then subjected to aggregate analysis 
by wet sieving and water dispersion. Increased percentage of aggregates obtained 
only in the surface one inch layer of the treated soil, while other two layers were near to 
those of untreated soil This shows that krilium gets fixed up with the soil particles 
wherever applied. Martin (1953), in his preliminary tests with labelled polymers 
added to soil columns, also found that the polymer solution added on the upper portion 
and then leached acted very quickly but, did not move appreciably thereafter. 

Water holding capacity : Water holding capacity of treated as well as untreated 
soils was determines 1. Three soils were selected for this purpose, a good structured loamy 
soil, an alkali soil and a sandy loam. In case of soil having good structure, the water 
;||^Idih^, capacitjr not iuoreasod ’tp* tbat <5as© of ilStorsed alkali soil 
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SOIL CONBITIOSERS AWB SOIL STETJGTITRE 


UNTREATED 


Soil without any soil conditioner 


Soil treate<1 with soil eonditioner Krilium 








SOIL mmmlomm a^b soil stetroTUEi iOS 


JioweFcr, treiitecl scilb Iiavo hIiowii iuGremm m water holding capacity o¥er untreated soils 
in al! th© cm^eH hut thci iiic^rcase is not very significant. 

Table 7 


IFuto holding capacity 


ISuil typo 

Treatment 

. Water bolding capacity 



por JOO gma. of soil 


— 

■ ■ — - — 

hoftiiiy Hail IjaviBf,' 

lTidr<»att‘d 

46.9 

htmi'tnm 

Krilium {0.1%) 

4S.B 


Aon Ail (0.1%) 

47.6 

Tfmimmnl iilkBli «;iil 

IJntraatod 

36.S 


Krilium (0.1%,^ 

42.0 


Aorutil (0.1‘%) 

4LS 

Study lo»Mi i 

i'uiroatoil 

42J. 

, , 1 

Krilhiiu {0,1%) 

46.2 


AorotU ■ (0,1%)- ■ ; 

"■'"■"mS"" 


Desirucmn of aggregates : Two soile, a clay loam (black soil) and a sandy loam 
were tmiteil wiih krilltiiri foriiiiilatiou No. il (¥lnylaeetate maleic acid compound) at the 
rate of 0,2 pemnit ami iniide Into aggregates larger than | an inch. After drying, the 
aggregates wcfff ground and then matle into aggregates a second time without further 
adcilticjii of kriliuiin On testing both types of aggregates for their stability to the action 
of water, it was fminil that grimiing compleiely destroyed the effect of krilium* (Table 8). 
Laws (lilS4) iiko found sirriilar results with clayey soils. 

Table S 

Destruciim of aggregates 





percentage of water stablo aggregates 


Soil tyi'w 


Kriiium 

treated 


1 Krilium treated 

j and ground 

1 Untreated 

day loam f Black «oil| 


S9.0 


46.x 



Siiiitly loaiii 


74.11 

. ■! 

14.4 


16.8 


ErrKCT or kmiuvu on saline anu alkam soils 

To study the effect cf krilhim on the physical condltioh of a dispersed^ alkali soil, 
a fol! wllli Ijigli pH aiKl high exchangeable sodium was collected for the experiment. ^The 
ioil passing through 0.fi nun sieve was disprsed in water with and without the addition 
of Ifliiiiin arid gypiiiii. After 24 hours, the samples weis shaken 20 times with upward 
and downward ittoveiifcnite and the soil suspusions were piptted out at 10 cm. depth 
after one miiiiito, two minutes, fi?e minutes, 10 " minutes and 8 hours intervals. In another 
experioient, of the trealed and unlreated soils, artificial aggregates were prepared, which 
pasted through i mia. siwe and were retamed^ on 4 mm. sieve. These aggregates were- 
dried and thtii sabjecteci lo wet sieving on a OJS mm. sieve. Thn results (Tables 0 and 10| 
iadicat# that, In ditute suipnsioios, i« the «>il particles are far apart due to their dispr»d« 
©atiiire^ kriliiitti to not lo efiective in fioooulating 'the iwiiiiai With ^,the. addition of ^ 



Tablu 10 

Aggregate analysis of alkali soil 


Percentage of aggregates 
larger than 0.25 mm. 


Treatment 


Untreated 
Kriliam (0.1%) 
Gypsum \L0%) 
Krilium & gypsum 


During the process of reclamation when a saline-alkali soilis flooded to leach out 
the excessive soluble salts, it is generally seen that the physical condition of the soil 
deteriorates to a great extent by the dispersed nature of the sodium soil. To ameliorate 
this defect with the application of krilium, laboratory studies were made. A saline-alkali 
soil (high salts and high exchangeable sodium) was treated with 0.1% krilium and the 
salts were washed out by successive leachings in a funnel. The soil was then transferred 
to a cylinder for dispersion with water. The results of suspensions pipetted out at 10 cm, 
depth (Table 11) indicate that when a sodium soil is in a flocculated condition due to the 
presence of excess soluble salts, the addition of krilium binds the soil particles to such an 
extent that they are not easily dispersed even when the soluble salts are removed. This 
is very useful in improving the permeability of saline and alkali soils resulting in better 
drainage and easy leaching out of the soluble salts. This has also been verified in another 
way. Ten gm, of an alkali soil was shaken in 500 cc. water. The dispersed soil particles 
pipetted out showed 28.0% of silt and clay and 21,1% of clay in untreated and 16,75 of 
silt and clay and 9.5% of clay in krilium treated soil. To both the treated and untreated 
suspensions, just the sufficient quantity of sodium chloride was added to flocculate the 
soil particles. In both the suspensions, supernetant liquids were decanted off and the 
volume ^gain made to_500 cc. with distilled water. It was noticed that the untreated soil 


was again dispersed when the sodium chloride concentration was reduced to below 1 mmhoi 
cm. in terms of electrical conductivity. But at the same salt concentration, the suspension 
of kriliuna treated soil soon became clear as the aggregated soil particles were settling very 
rapidly. This shows that once the aggregation is brought about by krilium in a sodium 
sou, it is not easily dispersed in water* 


gypsum when the sodium soil is converted into calcium soil, knhum seems to be very 
effective. When the soil is closely packed, krilium is able to cement the particles, even of 
the sodium soil to form aggregates which were found stable by wet sieving. 


Table 9 


Water dispersion of alkali soil 


Treatment 


1. Untreated 

2. Krilium (0.1%> 

3. Gypsum \1.0%) 

4. Krilium & gypsum 


[Voi. ill 
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8 hr. 


19 . 25 ' 

■ 14 . 25 : 

111 ! 

nil 


Dispersed soil particles per 100 g. of soil after 


1 min. 

35.75 
32.00 

30.75 
5.50 


2 min. 

5 min. 

10 min. 

31.75 

27.75 

25.75 

26.25 

24.00 

21,75 

25.75 

21.50 

14.50 

4.00 

4.00 

3.50 




1 min, 


10 min. 


5 mm. 


(1963) Mise. Pub. Edinburgh East. Scot. Coll Agrie. 116. 


Dispersed soil particles per 100 gms. of soil after 




SOIL CONDITIOKEBS AND SOIL STBDC»rDR-JS 


Table 11 

Water dispersion of saUne-alkali soil treated with Kritium and leached 


Treatment 


Untreated 

Krilhim (0.1%) tieated 


Studies are being continued on saline-alkali and nonsaline-alkali soils. Effect of 
difierent soil conditioners on different soil types with varying physical and chemical com- 
position are also being studied. 


As regards the plant response, preliminary pot culture experiments have indicated 
a likely increase in yield of ‘Kangni’ {Setari italica). Experiments on radish have indicated 
that the soil conditioners are to be applied to deeper layers to obtain any substantial 
increase in the yield of root crops. Effect on treatment with krilium was partially lost in 
the second crop season, this was probably the result of working the soil for refilling the 
pots.-, ■ ■ ■ ■ ■ 


SUMMARY 


Three soil conditioners namely krilium, aerotil and poly-ack were studied with the 
object of assessing their effects on soil structure and allied properties of soil, e.g,, aggrega- 
tion, water infiltration, and water holding capacity. All the three soil conditioners 
proved to be effective as flocculating and aggregate-stabilizing agents. When conditioners 
were applied at rates of 0.05 to OJ per cent to different soils, the aggregation as determined 
by wet sie?ing was increased, and other characteristics commonly associated with good 
structure were developed. Water holding capacity of the treated soils was only slightly 
increased. Soli conditioners were found to be effective in bringing about increased aggre- 
gation when applied to dispersed sodium soils and this is a very important factor from the 
point of view of reclaiming saline and alkali soils. 
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The Study of Na'^K"^ Reversibility on Clay Membrane Electrodes 


Sakoj Kumab Bose 

University College of Science (h Technology, Calcutta 

TJie use of clay membrane electrodes for the measurement of cation activities has 
been emphasised by Marshall and co-workers (19e55), Chatterjee (1949) and Mitra and 
Chatterjee (1953) and Mitra (1954). According to Marshall it has been found expedient to 
consider the clay membrane as a cationic reversible electrode. If such a membrane 
separates two solutions ha\ing different cationic cativities, the e. m. f. observed should be 
equal to that given by the Nernst equation, provided the membrane is perfectly reversible. 
'W’orking with a large number of electrodes, it has been found (Mitra and Chatterjee, 1953) 
that a corrcspondeBce such as one mentioned above is usually obtained in moderately 
dilute Bohitious. Tlie exact reason for this peculiar behaviour is not of course quite clear, 
but it has been possible to characterise the membrane by tw'o quantities : (i) the charge 
on the membrane surface, and (ii) the mobility ratio of the cations (c/. below). The 
present paper is concerned with the sodium-potassium ion reversibility and an evaluation 
of the mobility ratio of these cations using different types of membranes. It also 
reports the results of some experiments on the determination of activities of each of the 
ions In a mixture of .Na+ and K.'^ ions. 

EXPEEIMm^TAL ' . ^ ^ 

An examination of the influence of charge on the membrane surface on its overall 
performance as an electrode suggested that the charge should be as high as possible. 
Consequently, the choice of the membrane material was restricted to montmorillonitic 
clays. In oi*der to impart suitable physical as well as electrochemical properties thin 
membranes jirepared by eva])orating a suspension of the clay were heated for 24 to 48 hours 
to various temperatures ranging from 500-700°G (Mitra and Chatterjee, 1953). The clays 
have been efrectiveiy replaced by synthetic ion exchange resins by Wyllie and Patnodo 
(1950), and Siaha (1054). Tiie resin membranes are more conveniently prepared by mixing 
the finely divided resins with a suitable amount of an inert binder resin and hot-compress- 
ing them into the desired iliinness (foe. cit,) 

The membranes thus prepared were aiBSxed to one end of a small Pyrex tubing by 
means of Durofix adhesive. They were tested with solutions of NaCl and KOI having 
known cationic activities. This includes the determination of asymmetry potential, if any. 
Those showing no or negligible asymmetry potential “were used for the determination of 
activities and mobility ratios. For this purpose the membranes were allow’ed to separate 
two solutions, one of NaCi and another of KCi having known and aic respectively. 
I'he e. m. f.*s were measured with the help of a Cambridge potentiometer in combination 
with a Leeds and Nortliriip galvanometer, having a current sensitivity of lO"**® amps. 


RESULTS AXD BISCUSSIOHS 

i>om the observed e. in. f, between two micro calomel electrodes? 
solutions the mobility ratio may be calculated from the relationship, 

„RT , aK V% 


iced in these 





30vmAh Of mm ihdiah soomTY of soil scibmot 


5 lEobility ratio. The values of 
assumed to move with different 
x*w**ww ' , iJic/UNa^o to say, ^ to 

This’ would possibly be true for ion-p'ermeable membranes. The 
" " ' “ envisaged above and as such the observed 

termed the standard electrode potcntialB on the 


where E is the observed e. m. f. in volts 
Uir /UNa so calculated are given m table 1 

speeds inside the membrane, and^ hence ^^the^ correction 2 

the Nernst equation. * 

clay membranes are not permeable in the sense 

e. m. f. may be related to what may be 1 

two sides of the membrane, thus, 


.009 

.00877 


Membranes 


A.* ION AC (200) 
b.k:.h, 5(1) 
a K.H.5 (3) 

D. T.C.6 (2) 

E. A.H.5 (2) 


*A is a synthetic resin membrane and B to E are clay membranes, 


Sodium and potassium ion activities in a mixture of the two ions 


.00584 & a. 


.001 (outside) 


.003 (inside) 


Membranes 


A. IOlll|){200) 

B. K.H.6U) 
a K.H.5(2) 

D. T.C.6 (2) 

K A.H.5(2) 


(mv) 

Calc, froiri 

9.5 

(A-B| 0.00569 

-12.5 

0.00590 

-10.0 

4.5 

(A-C) 0.00611 

- 5.6 

(A.E) 0,00612 
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.^BVEESIBILITY OK 0E4T HIMBBANE, ILPOTBODES 


Hi 


Table %^Contd* 


^K (inside) ; = .01754 <& aj^ ==» .001 (outside) 


Membranes 

ffK/ffxa 

E.mX (mv) 

Calc, from 

A. IONAC{200) 

B. K.H.r>( i) 

1.618 

8 


5.640 

-21 

(B-B) 0.01700 

C. K,H.n(S} 

5.866 

-19 

(B-E) 0.01643 

IX T,C.0(2) 

2.350 

■ - 2 , 

(C-B) 0.01539 

E. A.H.5(2) 

4.380 1 

-15.5 

(A-E) 0.01643 


ajr ™ ,027 (m8id(3) ; 


“Ka ' 


; 0.01754 ^ = .001 (outside) 


Memb'ranes 

E»m.f. (mv) 

Calc, from 

A. IOKAC(200) ' 

-20.0 

(A-B) 0.023 

B. K.H.5(1) 

-47.5 

(B-D) 0.01696 

C. K.H.5(3) 

-47.5 ■ ■' 

(D-E) 0.01712 

D. T.C.6i2) 

-30.0 

(D-C) 0.01631 

E. A.H.5C2) 

-43.5 ■ 



Except for the sllglit irregular variation of the mobility ratios with the activities 
of the ions they may be regarded as constant as they are expected to be. While applying 
these values of mobility ratios for measurement of unknown activities it is found expedient 
to use as far as possible the exact mobility ratio in the particular activity range in which 
it has been evaluated, instead of using an average value. The resin membrane has the 
least value of the mobility ratios perhaps because it has an 'open’ structure, whereas those 
of the more compact clay membranes vary from about 2.2 to 5.9. 

Determination of Na and K ion activities in a mixture of the two : As already ex- 
plained, the mobility ratio acts, as it were, as a correction term to the Nemst equation* 
It probably arises from the difference in the speed of the ions inside a permeable membrane 
or ill the exchangeability of the ions on the electrode surface. In a mixture of the two 
ions in solution e. g., Na+ and K+, it is assumed that- their relative effect on the electrode 
surface is determined by their mobility ratio. Consequently, two simultaneous equations 
given below^ can be formed from the observed- e.m.f.’s of a cell composed of two different 
membranes separating a mixture of K and -Na ions.'and a solution of kiiowui an: or • 


RT 


II 


In 


UjiTa 


Ka 




E, 


RT 

E 


In 


n 


/ u^\ 
\yK ), 


' 1 ' ■* 

+ a. 


Knowing Ej, Eg, a ^ and {UKa/Ux )i ^nd (tJHa/UK and may be 

evaluated. Table 2 gives the results of these calculations with known mixtures of Na and 
K ions. 

The agreement appears to be fairly satisfactory considering the sensitive nature of 
th© function betw''eeii E and activity ratio. On the basis of ^this agreement the measure** 
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ments of individual activities of ions in the mixtures may he extended to unknown systems 

-Slid kel^roionic colloidal clays. 


SUMMAKY 

* Mobility ratios of Na and K ion pair in clay and resin membrane electrodes were 
determined from measurements of cells constituted of the membranes separating 

two solutions having known activities of Na and K ions. The value of the mobility ratio, 
which may be regarded as a correction term to the Nernst equation, remains fairly con- 
stant for a particular membrane electrode over the activity range used to evaluate them. 
Membranes having sufficiently different mobility ratios have been used to measure tlie 
.potential difference between solutions containing on one side a mixtee of Na and K ions 
and on the other, either K or Na ions ; from the observed e.m.f.’s with any two membranes 
the activity of each of the ions in the mixture was calculated. The agreement between the 
talcnlated and actual values of activity was fairly satisfactory. 
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Pusa Permanent Manurial Experiment (New Series) 


Studies of the Maize Yields in Relation to the Preceding Crops in the Rotation 


Indian Agricultural Research Institute^ New Delhi 


The permanent manurial experiments (new series) were started at Pnsa (Bihar) 
in the year 1932 with a view to determining under sub-tropical climatic conditions, the 
specific effects on soil fertility of the more important organic manures and inorganic 
fertilizers applied alone and in various combinations to crops grown in a rotation. The 
experiments W'^ere laid out in ten randomized blocks, with ten treatments as given below. 
The not plot size was 37*5 ft. X 18 ft. (1/64.53 acre). 

A. No manure (control) 

B. Farmyard manure at 8000 lb. per acre = 40 lb. of N per acre (total amount 
applied in the last week of April or first week of May). 

C. Rape-cake at 40 lb. N per acre (half applied just before maize sowing and half 
applied at the last interculture of maize). 

D. Sulphate of ammonia at 40 lb. N per acre 

E. Sulphate of potash at 50 lb. KgO per acre 

F. Superphosphate at 80 lb. PgOg per acre 

G. Sulphate of potash at 50 lb. KgO 4* superphosphate at 80 lb, PgOg per acre 

H. Sulphate of ammonia at 40 Ib. N -I- sulphate of potash at 50 lb. KgO 4- super- 
phosphate at 80 lb. P^Og per acre 

I. Sulphate of ammonia at 40 lb. N 4 superphosphate at 80 ib. P^Og per acre » 

J. Sulphate of ammonia at 40 ib. N 4 sulphate of potash at 50 lb. K^O per acre ' 

The inorganic fertilizers, alone and in various combinations, w^ere applied half 
before kharif sowing and half before rabi sowing. ' ' ■ r 

The system of cropping followed was a four-year eight- course rotation with the 
maize crop in preceded by four rain crops,;. oats, peas, wheat and gram In' 
succession. ' 

The soil of Pusa is Gangetic alluvium, mostly light loam and highly calcareous in. 
nature. The total nitrogen content varies from 0.032 to 0,045 per cent, organic carbon 
from 0.26 to 0*37 per cent, while the available PaOg contents are 0,0039 to 0.0068 per cent. 
The calcium carbonate content is very high, being 35 to 40 per cent. The pH of the sol! 
8,0 to 8,1, 

The crops in North Bihar are grown "under rainfed conditions. No irrigations 
..were given to any of the crop .in this experiments. The, average monthly and annual., rain-, 
fnll during 20 years from 1932-33, to 1951-52 were as follows : 

Fek Man Apr* May June July At^* Sep; Oct* Na^, Dec* Ap. per ammm ■ 
0,56 0,82 0.29 0.46 1,97 6,80 10.95 11*39 8,50 2,35 0,15 0.05 44.29 inches ■ 



Ti-feataients 


Treat- 

Second 

ments 

cycle 

C 

10,69 

I 

8,05 

B 

7,93 

H 

7.27 

B 

6.18 

J 

5.82 

F 

4.09 

E 

' 3.62 

G 

3.21 

A 

2 96 


±0.42 


1.19 


1.68 


Treat- 

Fourth 

ments 

cycle 

C 

4.73 

B 

4.37 

H 

3.59 

J 

3.45 

I 

3,36 

D 

3.22 

F 

2.30 

E 

2.06 

A 

1.76 

G 

1.69 


±0.26 


0.72 


0.95 


C 

•■-..vl ■ 

H 

B 

r t, ... 

D 

F 

E 

A 

G 

g. Em 
C. D. at 5 
per cent 

O. D. at 1 

per cent 


It will be observed from the above table that the order of the treatments is practi- 
cally the same under each cycle, though the yields fall off under each treatment from cycle 
to cycle. The treatment C (rape-cake) has given the highest yield in each cycle, and is 
significantly superior to the other nine treatments in the first, second and fifth cycles. 
The difference between the treatments C (rape-cake) and B (farmyard manure) is, however* 
not significant in third and fourth cycles, but the treatment C (rape-cake) differs signifi- 
from the other eight treatments. The treatments B (farmyard manure), H (^pk) 
and I , (np), which in four out of five cycles do not differ significantly among themselves, 
have showm better performance than the treatments F (p), E (k), A (control) and G (pk)' 
The lowest yields are given by the treatments F (p), E (k), A (control) and G (pk) and the 
(hff^ences among them are not significant. The treatments D (n) and J (nk) lie in between 
the two groups of the treatments, viz., (i) C (rape-cake), B (farmyard manure), H (npk) and 
1 (n]^ and (ii) F (p), E (k), A (control) and G (pk). These two treatments do not differ 
Mgnificantly from the treatments H (npk) and B (farmyard manure) in the first cycle, from 
treatments H (npk) and I (np) in the third and fourth cycles and from the treatments 
Hfnpk) and l(np) and? (farmyard manure) in the fifth cycle, but these have come out 
sign^cantly better than the treatments F (p), E (k), A (control) and G (pk) in the second, 
lourtn and fifth cycles. ^ 

of tmin effects and intermions of nitrogen (Sf), phosphorus (P) and 
; Table 2 shows tile main effects.and iaferactions of KP andK in mannds 
per acre .with proper signs* . . 


Treatment comparisons in ini>ividi7Ai:i cycles 

The proper unit of study of changes in productivity under continuous manurial 
treatments would be a complete cycle of four years. An attempt has, therefore, been 
made to analyse the data based on five cycles over a period of twenty years from ],932-33 
td 1951-52. The maize yields of each plot were accordingly pooled over the four phases of 
each cycle and the pooled yields were subjected to statistical analysis. The analysis of 
variance worked out separately for each cycle indicated highly significant; differences 
among the various treatments. The results of the analysis are summarised cycle- wise, in 
table 1. 


' ■ Taree i . • ■ 

Average yields of maize in maunds per acre under different treatments cycle-wise 


[?oL III 
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14.85 

11.19 

11.06 

10.60 

o.-oo 

9.61 
8.21 ! 
7.77 ' 
7.38 
6.91 
±0.66 I 
1.85 j 

2.46 1 


Treat- 

ments 


Third 

cycle 


10.50 

9.09 

8.56 

8.33 

7.16 
6.84 

6.30 
4.52 

4.30 

4.16 
±0.61 

1.72 


2.28 


Treat- 

ments 


cycle ■ 


5.79 

4.76 

4,11 

3.93 

3.88 

3.83 

2.63 

2.62 

2.47 

2.17 

±0.36 

l.Ol 


1.33 
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PUSA PIEMAHEBP MAKtJKlAL EXPEBIMBKT (hEW SERIES) 


TiwBXE $: ■ 

Main effects and interactions of N, P and K in maunds per acre cycle-%me 


Effects 

First 

cycle 

Second 

cycle 

Third 

cycle 

Fourth 

cycle 

Fifth 
t cycle 

K 

2.84** 

3.36** 

3.16** 

1,46** 

1.52** 

P 

0.70 

1.02** 

0.96* 

0,12 

0.14 

MF 

0.72 

0.66* 

0.50 

0.02 

-0.02 

K 

-™0.i6 

--0.34 

-0.18 

0.04 

-0.006 

NK 

0.30 

-0.24 i 

0.14 

0.20 

-0.16 

PK 

-0.56 

-0.50 

-0.20 

-0.22 

-0.14 

NPiC 

0.30 

0.28 

0.48 

0,22 

0.08 

s:e. 

±0.46 

±0.28 

±0.44 

±0.18 

±0.26 


Significant at 5 per cent 
Significant at 1 per cent 


It will be seeE that the response to nitrogen is positive cand highly significant under 
each cycle. The response to phosphorus is positive and also significant under the second 
and third cycles and the interaction NP is significantly positive in the second cycle only. 
The other main effects and interactions are not significant. Potash and the interaction 
PK have given indications of depressing effects, though not conclusive. 

(ii) Significances of linear regression of yield on cycles : Table 3 gives the analysis 
of variance for testing the significance of linear regression for each treatment separately. 

■■ ■Taei.e'S' . ■ 

Testing of linear regression of maize yields on cycles separately for each treatment 


Degrees of 
freedom 


Mean sixm of ^’’arianco 

squares ratio 


Dinear regression 1 

Error : R 


■Linear regremon 1 

Error 9 


Linear regression 
Error 


Linear regwawion 
Error 


Linear regression 
Error 


879.45 

3.03 


3733.64 

14.90 


94L94 

18.46 


705,17 

9,19 


Treatment A 

290 . 25 ’*^* 

Treatment C 

250,58*^ 

Treatment E 

51. 03**'* 

Treatment G 

76.73*’*' 

TreeUment i 


Mean sum of Variance 

squares ratio 

Treatment B 

1510.53 57.76** 

26.15 


2313,11 
13.10 ■■ 


176.57** 


1300.32 
■ .'11.38 


1127.62 

18.06 


2114.44 

18.73 


1367.41 

7J2 


Treatment D 

114.26** 

Treatment F 

62.44** 

Treatment E 

112.89*’^ 

Treatment J 

172J5** 


♦♦SigniEeant at 1 per cent 
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, . , , table that the linear regression for all the treatments is 

highly significant. 

(iii) Comparison of linear regression coefficients of yield on cycles : The analysis of 
variance to test the differences between the regression coefficients of different treatments is 
given in table 4. 

Table 4 

Analysis of variance to compare regression coefficients of maize yields on cycles 


Degrees of 
freedom 


Moan sum of 
squares 


.Variance©:' 

ratio 


Blocks 

Treatment 

Error 


**Significant at 1 per cent 

The analysis indicates significant difierences between the regression 
The results are given in table 5. • 

Table 5 

Linear regression coefficients of maize yields on cycles (tnaunds per acre) 


Treatments 


Linear regression coefficients 


It will be observed from table 5 that the 
values for all the treatments, 
ment from cycle to cycle. 

negative value and it differs significantly from the 
between the „ 

treatments H(npk) and B (farmyard manure) 
feeatment I (np) is significantly greater than 
The regression coeiOacient of the treatment .B | 
those of the treatments J (nk), B /xxi 
treatments F (p), E (k), A (control) and G (pk) do _ 
and have comparatively smaller rate of deterioration. 


rpL mdicates that the yields deteriorate under each treat- 

Ihe coefficient for the treatment C (rape-cake) has the highest 

rpo'fAoci’rtn * 4 . 4? a.1 “7 ' — ' trcatments. The differences 

YnSr? in” H(npk) as well as for the 

) are not significant, but the coefficient of the 
those of the treatments J (nk) to G (pk). 
manure) does not difer significantly 
nt ® coefficients of the 

) not differ significantly among themselves 
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(iv) Linear regression coefficients for main effects and interactions : The linear^ regres- 
sion coefiicicBts fbr main effects and interactions of nitrogen (H), phosphorus (F) and 
potash (K) are indicated in table 6. 


Linear regression coefficients for main effects and interactions in maunds per acre 


Regression coefficients 


Effects 


N 

V 

NP 

K 

NK 

PK 

NPK 


0.2026* 

0.2076* 

0.0726 

--0.0526 

0.1076 

-.<0.0476 

d=0.0856 


^Significant at 5 per coiit **Signfficant at 1 per cent 

It -will be seen from the above table that the rate of deteriorotion is highly signifi- 
cant for the main effect N (nitrogen) and significant for the main effect P (phosi^horus) and 
interaction NP, The other main effects and interactions do not have significant rate of 
deterioration. 

Analysis of total maize yields aptke rEECEDiNO bai-u cbofs in the botation 

The totals of maize yields after oats, peas, wheat and gram obtained separately 
from each plot, have been analysed to compare the average carry over effects of different 
treatments, partly applied to the mW crops and the effects of the preceding rabi crops 
which were inevitably compounded with the effect of direct manuring partly applied to the 
kharif crop of maize. The analysis of variance indicated highly significant differences 
among treatments. The results are summarised in table 7. 


Table 7 

Average maize yields after different crops in the rotation in maunds per acre 


Treatments 


Treatments 


Treatments 


Treatments 
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after oats : It is observed that the treatment u trape-caaej 
hiehest ^ield. The next best treatments are B (farmyard manure), I (np) and H {npk), 

+v,!rrhffermces among them are not significant. The treatments J (np) and B (n) also 

/Ir> nnt differ sienificantlv from each other, but are significantly better than the treatments 

M gV) them^lvef d» not differ rigniScnntly .nrong 

themselves. 

Mam after peas: The treatment C (rape- cake) 

yield. The next best treatments are B (farmyard manure), D (n), H ^ V 

J (nk)- these do not differ significantly among themselves, but are superior to the treat- 
ments F (p), E (k), A (control) and G (pk) and the differences among them are not 

significant.. 

Maize after wheat : The treatment 0 (rape-cake) has significantly raised the yield. 
The treatments B (farmyard manure), H (npk), I (np), and J (nk) do not differ 7 

among themselves, but the treatments B (farmyard manure) and H (npk) are 

SSr to the treatments D (n), F (p), E (k), A (control) and G (pk). 

among the treatments I (np), J (nk) and D (n) are not significant, but all of them are 

significantly better than the treatments E (p), E (k), A (control) and G (pk), -which among 


Table 8 


Main effects and interactions of N, P and K in maunds per acre 


Maize -aftw 
, .graiB' 


Maize after 
wheat 


Maize after 
peas 


Maize after 
oats 


Effects 


NK 
PK 
NPK 
S. E. 


♦Significant at 5 per cent 
♦♦Significant at 1 per cent 
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Table 8^ reveals that the maia effect N is throughout positive and signilcaiits 
whereas^ I? Is positive and »signifieaiit in the case of maize yields after oats and gram, and 
interaction NP is positively significant only for maize yields after oats. The effects It 
and PK are not significant, but they have negative values in majority of the cases. The 
Interactions NK and NPK are not significant, but have given positive eiffeets, except in 
the case of maize yields after gram where NK has negative value, 

(ii) Combined analysis of maize yields after diffrenent rabi crops in the rotation : The 
statistical analysis of maize yields after oats, peas, wheat and gram showed highly signifi- 
cant diflercuices. The results are summarised in table 9. 

Table 9 


Average yields of maize after different crops in the rotation 


Preceding crops 

Yield of maize in maunds per acre 

Oats ■■ 

4.28 

, , Poas. 

4.76 . , • 

Wheat 

5.75 

S. Em. 

=h:0.15 

0. D. at 5 per cent 

0.44 

C, I), at 1 per cent 

0.59 

Gram 

C.75 

B. Em 

db0.17 

C. D. at 5 per cent 

0.47)’^' 

'C.' .D, at i per cent 

0.63) 


* For coBiparing averages maize yield after gram with average maize yields after oats, peas and 
wheat, since there were ordj- four niaizo crops after gram and five after other crops in the rotation. 


It will be observed from table 9 that the average maize yield after gram is signi- 
ficantly Bupierior to the average maize yields after oats, peas and wheat. Next, it will be 
seen that tlie average maize yield after wheat is significantly suj)erior to the average maize 
yield after ijeas ami oats. The ditfcrenccj in the average maize jdeld after peas and oats is 
not significant at 1 per cent level of significance, but at 5 per cent level the average maize 
yields after peas is Blgnifi(^antly better than that after oats. It can thus be inferred that 
the maize yield has been the best after gram. 

DISCUSSION 

Analysis of total maize yields in successive rotations : The statistical analysis of 
pooled yields of maize in different cycles showed highly significant differeJices among the 
treatments. All the ten treatments registered the highest yields in the first cycle and thei^ 
fell off considerably from cycle to cycle under each treatment. The order of the treatment 
is, however, practically the same in each cycle. The rape-cake treatment has given the 
highest yield throughout and Is significantly superior to" the remaining - nine treatments in 
the first, second and fifth cycles. The difference between rape-eake and farmyard manure 
treatments is not significant in the remaining two cycles. It is, therefore, interesting to 
note that rape-cake has been very, effective. 

The treatments farmyard manure, npk, and np have also given significantly better 
yields than the treatments p, k, control and ’ pk in each cycle which have on the contrary 
shown poor effects. The treatments n and nk occupy intermediate, position ; these two_ 
treatments do not differ significantly from farmyard manure, npk and np treatments in 
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the fifth cycle, and at the same time have come out significantly better than the treatments 
p, k control and pk. 

Significance of main effects and interactions of nitrogen {N), phosphorus (P) and potash 
(Ky: It will be seen from table 2 that the main l_ ' ' ” ' " - - 

positive under each cycle, bub the response to P is 
second and third cycles only. K s 
Among the interactions, NP alone 

therefore, that for maize nitrogen alone is much more benefieiaUhan 

Signifkance of linear regression of yield on cycles 
coefficients of the maize yields on ’ ‘ ‘ 

significant under all the treatments'. The rate of deterioration 

The treatments farmyard manure, np, npk, n and nk showed greater rate of deterioration 
as compared with the treatments p, k, control and pk. It can thus be observed that the 
treatments which have given higher yields, showed higher rate of deterioration and 
viC0 vcfS0* 

«of,- „ total maize yields after preceding rabi crops in the rotation: An exami- 

was verf revealed that the rape- cake treatment 

TOS very effective after each crop. Next to it, was farmyard manure followed by the 

(»P) ?■!'? ralphott. of ™nia, 


response to N is highly significant and 
^ significant and positive under the 
as usual has negative effect, though non* significant. 
> is significant under second cycle. This indicates, 
’ ^ — i any other nutrients. 

, ^ ^ ^ * The study of linear regression 

cycl^ points out that the rate of deterioration is highly 

is highest for rape-cake. 


maize yield data from the 
ve cycles over a period of 


up gave significantly better 
in each eycle^ and had a 
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3, Aimnonium sulphate alone did not give better performance as compared to np 
or npk treatments, though it was bettor than the control, 

4, The main response to N (nitrogen) was highly significant and positive under 
each cycle. Besponse to P (phosphorus) was seen only in two cycles, but K did not show 
any effect. 

5, All the treatments yielded well after gram, but the rape cake treatment was 
very effective after each crop. 

fi. Farmyard manure, npk and np also raised the maize yields after each crop, 
next to rape- cake. 

7. The responso to N (nitrogen) was highly significant and positive after each 
crop. Response to P (phosphorus) was evident after oats and gram, but K (potash) had 
no effect. 

8. Maize yield after gram was significantly the best. 
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Studies on the Response Curve of Nitrogen on Wheat 

J. J. Chahdsahi ahd a. G. Kavitkar 

Indian Agricultural Research Institute, New Delhi 

Tn tbe past, attei](ij)tB have been made to study the effect of some particular dose 
of nitrogenous fertiliser on wheat, but there appears to be no e-vidence, at least in India, 
■when work was undertaken to find out the response of wheat to increasing doses of 
nitrogen and thus work out optimum and economic doses for wheat. Stewart (1947) 
in his report on the soil fertility investigations in India has stressed the importance and 
need for the study of response curves of nitrogen. 

It was, therefore, considered necessary as early as 1949 to undertake investigations 
on *Besponse curve of nltrogenb Accordingly, an- experiment was laid out in 1950-51 
to study the response curve of nitrogen for wheat and to work out the optimum and 
aeonomic doses for wdieat. The results obtained during the period of three years 
1950-53 are suinmarised and reported in this communication. 

EXPEBIMEOTAL 

An experiment on ‘Response curve of nitrogen on wheat’- was started in 1950-51 
and is still in progress. The details for 3'years f.e., 1950-51, 1951-52 and 1952-53 , are as 


under : 

1950-51 

1951-52 

1952-53 

Location : 

Main block 5 I) — E 

Main block 5 D — E 

Main block 7 E~ 

System of layout; 

Piandomised 

Randomised 

Randomised 

block 

block 

block 

No. of replications 

: 8 

8 

8 

Size of plot 
(Net harvested) 

0.0141 acre 

0.0141 acre 

0.0141 aero 


Treatments : The treatments were same in all the three years as given below. 



N 

P 

K 

A — 

0 

0 

0 

B — 

0 

60 

40 

c _ 

10 

60 

40 

D — 

20 

60 . 

40 

E — 

30 

60 

40 

F- — 

40 

60 

40 

G _ 

60 

60 

40 

H — 

60 

60 

40 

I — 

70 

60 

40 

J — 

80 

60 

40 

K — 

90 

60 

40 

L — . 

100 

60 

40 


m 
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Climate: During 1950-51 and 1952-53, it was fairly iiormaL During 1951-52, climatic 
conditions were otherwise normal excepting that there was an unpreeedexitea 
hailstorm in March. 

Soil: pH Nitrogen % Availahle % 

Main block 

5 D & E 8.0-8.1 0.041-0.046 0.0096-0.0155 

Main block 7 E & E 0.052 0.014 

Variety: C-518 which is known to grow successfully tinder very high fertility conditions 
was selected for study. 

Fertilizers : Phosphate and potash were given as a basal dose so that these may not^ prove 
limiting factor in response of nitrogen. Phosphate and potash were applied at 
the time of sowing. Mtrogen as sulphate of ammonia was applied as top 
dressing with the first irrigation which was about 7 to S weeks after sowing. 

Cultural treatments : All the cultural treatments and irrigations were nearly the same during 
all the three years. 

Study of economics : Attempt has been made to study economics of dijfferent treatments. 

Economics of different doses of nitrogen have been studied in presence of PK 
and in its absence. In working out the economics, the cost of fertilizers, labour 
involved in the application of fertilizer and the threshing and cleaning of extra 
yield were considered. The extra cost thus obtained is deducted from the value 
of extra yield obtained over the control A and control B as the case may be and 
net profit and loss worked out. In working out cost and value, the following 
rates wT.re used. 


Price for wheat grain 

... Rs. 16/- a maimd 

Price for %vheat straw . . . 

Rs. 1/8 a maimd 

Cost of nitrogen 

Re. 1/- per lb. 

CostofPgOg 

Re. -/9 per lb. 

Cost of K^O ... 

... Re, -/7.3 per lb. 

Cost of threshing and 
cleaning one maund of grain 

Rs, 2/- a maund 

Labour involved in applica- 
tion of fertilizers <. * 

Rs. 1/8 per acre 

RESULTS AKD 

DISCUSSION 


The findings have been grouped into four main groups as under : — (i) yield of 
wheat grain, (ii) response, (iii) economjcs and (iv) quality of grain. 

Yield of wheat grain: . The results obtained each year were analysed separately. 
Serial analysis was also carried out to study the' aggregate response of nitrogen over the 
period of three years. The results of the statistical analysis and average yields are 
tabulated in tables 1 to 4. 
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Analysis of variance 


Soutoe 


Mean Bum 
of squai'os 


Variance 

ratio 


Blocks 

Troataients 

Linear 

Residual 

Rest 

Blrror 


Table 2 
Serial analysis 

Mean sum of squares 


Soxirco 


43.249S 

405.6182 

2941.9700 

54.7411 

1027.1600 

18406.0000 


Blocks 
Treatments 
Linear 
Residual ■ 

Best'- 
Years 
Interaction 
{Years x treatments) 
Pooled error 


Signifieant at 5 percent Significant at 1 per cent 

. Tab.le S ■ ' . . 

Yield of wheat grain (C- 518) in md. per acre 


Average of 
throe years 
( calculated ) 


Treatments 
Levels of 


S. Km 

C, B. at 6 per cent 


significant 
at 1 per cent 


significant 
at I per cent 


significant 
at 5 per cent 


significant 
at I per cent 



1950-51 

1951-52 

D. F. 






Mean Burn 

Variance 

Moan, sum 

Variance 


of squares 

ratio 

of squares 

ratio 

7 

42.5729 


9.2086 


n 

451.01 73 

22.250** 

78.5245 

4.645** 

1 

3298.4000 

162.700** 

235.2600 

13.916** 

9 

35.0022 

1.727 

65.8744 

3.897** 

1 

1347,7700 


35.6400 ' 


77 

20.2725 

. i 

■L --I 

16.9056 



Variance ratio 

1 

11.519** 

it 

j 

83.546* 


1.556 

.1 

1.685 
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T-able 4 


Response curve in md. per acre 


Years 

Yield equation 

Response 

Expected response 
j . per lb. o£ nitrogen 

— - — — 

Linear 

Linear 

Linear 

0.16662 

0.04449 

0.06144 

1950- 51 

1951- 521 

1952- 53 

Y = 21 .3987 + 0.16662X 
Y==11.61414-0.04449x 
Y==33.U724-0.06144x 

Average of 3 
years without PK 
with PK 

Difference in 

Y==22.0423'f 0.09085X 

Y = 21.81824-0 09407X 

Linear 

Linear 

0.09085 

0.09407 

0.00322 

average response 



0.01406 

S.Dd 



0.23 Not significant 


Results in table 3 _ show that the “ K°?lone h^^ iVo 

■hifyher yields than control i ond not significant. In 19o0-51, 

toCTeasLver the control but the difference is small^an ^ and that the yields 

biphest -^eld has been obtained with a dose of 100 “t | ^^grenoes between them are 

SiKh so, 90 .od 100 - 'g ^1“ Z ““the» ‘—g 

very small and not Significant. sipnificant Application of 10 lb. nitrogen 

and the rest of the treatments are large^^andsigh ^ not sigmhcant and 

Sr acre has given higher f.^Sst "f nitrogen treatments. There are very 

has given significantly lower yields th _ application of 30, 40, oO, bO and 

slight differences be^veen ^eld was obtained with the application of 

™ » bet4." 60 80 mi 90 Td h6"lt “l 

doses of nitrogen ®^®®f iSSe yield than 100, 40, 30, 20 lb. nitrogen and 

of 80 lb. “toogen ha g § ^ g^hibit great variation. 

control. Therestoitneuea SO lb nitrogen followed by 90 

During 1952-53, highest 7'®^^ higher y^^^ Though 

and 100 lb. AU the doses “f - control! the diff the yield 

vSous doses of nitrogen have given h gher yield tha^ lb. of nitrogen 

tife same during the three different years. 

As regards the serial analysis, application of 80 ^d SS: 

out to hfthe best followed by 100 and 50 lb. ®f XSS’of TO S dTsO and 20 lb. of 
four doses, however, are differences between these doses and 

nitrogen have shown smilar beha . £ jq q£ nitrogen has given higher yield 

analysis is nearly the same as m mdividiml years. 



In general, application of 80 and 90 lb. of nitrogen have come out to be the best 
followed by 100 and 50 lb. of nitrogen per acre. 

Resbonse: Yield dose relation is shown in Fig. 1. The rate of response in each 
year is show'n in table 4. The response in individual years and average of 
linear (iuhle.s 1 and 2) exc(;pting in 1951-52, where linearity although not pctftcllj estab- 
lished indications uro that the rate of response is linear. Such a bchiu-iour Uol -o- 

tslet atoal climatic condition! f.a heavy 

crop and thus the effeet of treatments got masked up. It is lurlhe °e 

TPKnonse of three years in presence of PK is more than without I K.. llie cl lltienc.e 
between these two responses are however not significant. Such a fincling has also been 

reported by Thorne (1903), Hud.son and Woodcock (1934) and Ohandnam (i.)o4). ^ 

the eases ^le response was linear. Thus the effeet of application ot nitrogen m incieabing 
wheS te IJS- bro^sM <.«»• S».h a« efibot has b«. reported 1,-om several 

workers in India and outside. 
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oc 
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i.~K.espons0 of nitrogen 

The yield of wheat increases with increase in dose of nitrogen. It appears that 
in this particular variety (C. 518), one could get linear increase m yield even up to a dose 
of 100 ff). nitrogen per acre. Such a behaviour may be explained due to the fact tliat 
the variety 0. .518 is known to do very well in high fertility conditions. It may be his 
Saraeter of the variety which may be responsible for the linear response up to 1001b. 
of nitrogen per acre. 

Since the vield dose relation is adequately represented by a straight lino, the rate 
of response is constant for the range tried. These results, therefore, suggest an applica- 
tion of still higher doses than 100 lb. of nitrogen to work out an optimum dose of 
application of nitrogen. 

From these results, the doses of 50, 80 and 901b. of ^ 
optimuni. though these doses are not exactly optimum doses as indicated, but can bo taken 

near about them. 

Economics : Method of working economic has already been described m the 
foregoing pages. The results obtained are given in table 5. 
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Economics in presence and absence oj PK 
in rupees per acre 


Response of nitrogen in maunds 
per acre 


Net profits {+ ) Net loss ( — ) 
in rapeos per aero 


Nitrogen dose 
(Ib./acre) 


In absence 
of PK 


. presence 
of PK 


In presence 
of PK 


In absence 
of PK 


+ 1 , • iP 7^ P seen from the above that, in general, though the addition of PI 

. “crease thus obtained does not compensate the expeuditui 

m the use of PK excepting in case of 40, 60, 80 and 90 lb. N per acre. ^ 

Tiio proved to he economical irrespective of 

ihe net return realised with nitrogen alone is more than in presence of PK 
economics, the use of PK is not warranted. Fig. 2 shows the curve of economics 
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Tablis 6 


Nitrogen in wheat grain 
(Per cent on ovan-dry basis) 


The effect of different years was also studied on the nitrogen content of grain with 
the following results : 


t9ssi 
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Boses of nitrogen 
in lb. per acre 


A. Ho nitrogen 

B. 20 
a 40 
D.ieo 
B. 80 
F. 100 


Average of 3 years 
(calculated) 


1.74 

1.80 

1.77 

1.92 

2.11 

L99 


Sig. at 5% 
±0.075 
0.24 


These results indicate that the application of nitrogen at the level of 80, 50 and 
90 lb. per acre have come out to be the best as regards net profits both in presence and 
absence of PK. 


Quality of grain : Composite samples of wheat grain were collected each year from 
different treatments and got analysed in the division of Soil Science and Agricultural 
Chemistry for their nitrogen content. The results of three years are given below: 


Nitrogen (%) 
1.58 
2.14 
1.93 

Significant at 1% 
±0.053 
0J7 


The results ill table 6 indicate that the nitrogen content of the grain m(mmm 
..with the increase . .in the.. ap.plication of nitrogen. .' The Bveta^ge effect of, 3. ,, years was, 
statistically analysed and it was found that there was an increase in nitrogen content of 
the grain with the increase in nitrogen application. The application of BO ib. N gave the 
highest nitrogen content in the grain and the differences betw’^een 80, 40, 20 lb. of N and 
no nitrogen were significant. The differences between 80, 100 and 60 lb. of N were, 
however, slight and not significant. 

These results have clearly brought out that the application of nitrogen to wheat 
results in the increase of quantity and quality and that the application of nitrogen at 80 
lb. MtrPgett pr acre gives the best quality ^ain. Similar findings i.e. increase innitrogen 
rntkimi of the- gtain Am to application of nitrogen were reported by Murphy (lOiO), 
Doneen (1934), Totsell (1940), Wakter (1946) ,aM Cliattdnam (1954). 


Avomg© 


test 

C. D. at 5% 


1050.51 


1.44 

L47 

L.50 

1.61 

1.62 

L84 


1„58 


Nitrogen 


1951-52 


1962..53 

1.92 


1.85 

2.17 


1.75 

2.00 


1.80 

2.12 


2.04 

2.67 


2.13 

2.09 


2.04 

2.14 


1.93 


Year 


Yi-1950-51 
Yg— 1951-62 
Ys— 1952-53 
‘F’ test 
S. 1. 

C. D. at 5% 
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further seen that the nitrogen content of the grain is affected by the 
Highest nitrogen content was obtained in 1951-52 when the season was 
is of grain were low followed by 1952-53 and 1950-51. 


STJMMAKY 

response curve of nitrogen with wheat C.518 was si 
950-ol and closed m 1952-53. This included study of 10 doses of nitrogen rangin 
zero to 100 lb. N per acre. 60 lb. PA and40Ib. K,0 per acre were applied as 
ressing* The lesults obtained with regard to yield, response, economies and quaiit 
been described and discussed in the foregoing pages. As a result of 3 years’ work, 
mg conclusions have been drawn. 

1. Wheat responds to the application of nitrogen. 

2. There is increase in yield with increase in application of nitrogen, 

linear ^PPl^ation of 10 lb. to 100 lb. nitrogen per 

^ a laaund per lb. of nitrogen varies from year to year. It wi 

maunds per lb. of nitrogen in 1950-51, 0.04maunds per lb. of nitrogen in 1951-52 an 
maunds per Ib. of nitrogen in 1952-53. The response in each yeS wS^r. 

5. Response was comparatively more in the presense of PK than otherwise. 

6. As the yield dose relation is linear, it suggests that higher doses Ibnn 1 

of N per acre would be necessary to fix up optimum dose. than J 

7. These results however reveal that in case of C 518 a dose of 50 80 nr 
H per acre would give the best performance. 

HiSs, 

the.^nse'^? tfe SJ^seSfni^ir^^^^^ * 

acre has i 
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The Climate of The Bombay State 
O’. A. DaJI ; 

Indian Council of Agricultural Research, New Delhi 

There are five principal factors of soil formation, viz . , 1 . parent material, 2. 
climate, 3. vegetation, 4. relief and 5. time. Climate, aided by vegetation which it 
fosters, acts upon the parent material. The action of these two factors is conditioned by 
local relief or topography. The length of time during which these factors are operative 
further influences the character of the ultimate product. The factors are thus inter- 
dependent, each modifying the influence of the other. Climate, however, is the most 
dominant factor. It is responsible to a very large extent in influencing the nature of a 
soil. While the differences due to parent material and relief are more or less local, those 
due to climate cover large areas. At first the parent material, on weatheiang, produces a 
distinct kind of soil, but as time goes on, the distinction between soils derived from 
different parent materials situated in a climatic zone gradually disappears. Each climate 
together with its vegetation and other biological activities that it promotes, imparts its 
own special characteristics to the soil, no matter what the original parent material may 
have been. With the lapse of time, the influence of the parent material is completely 
oblit mated with the result that ail soils in any given region tend to become alike. 
Though young soils may vary greatly, old or mature soils assume a uniform character. 

Climate influences soil formation both directly and indirectly. Directly it affects 
the weathering of rocks and the transportation and redeposition of the products of weather- 
ing, One of its most important effects is its influence on the movement of w^ater in the 
soil through percolation, leaching, runoff, etc. It is largely this direct effect of climate 
w'hich is responsible for the development of soil. Many of the products so formed are true 
soils, but some of them are the parent materials from which new soils are now" developing. 
Indirectly it influences soil formation through the activities of plant and animal life. The 
nature and type of vegetation which is determined by climatic factors like temperature 
and rainflill modify, in turn, the effects of these factors particularly rainfall. Organisms, 
both big and small, considerably influence the action of climate. Though they play a 
role of secondary importance, their total influence is very great. Relief also plays an 
important part in controiiing the effect of climate in soil formation by influencing the air- 
water regime in the soil. 

All attempt has been made in this paper to give an account of the climatic con- 
ditions prevalent in the Bombay State, 

Climate may be defined as a ''complex of meteorological conditions w^hich exists 
in any given area 'and imparts an individuality to the landscape of that area.’" Among 
the numerous meteorological elements, those that take part in soil formation are precipita- 
tion, temperature, relative humidity and evaporation. In considering the climate of the 
Bombay State, a study of these four elements has been presented. Though wind is an 
important meteorological element, it has not been considered separately in this paper. 

The climate of the Bombay State is a part of the climatic pattern of India. 
Though it shares the wider climatic characteristics of the country, it has several distinctive 
’ features of Its own. 
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j™ i. »I»»n U « T.ble 1, oM^ed by dMding r.MaU by fl.e n.mbe, of »iny d.p 

aiyes an idea of the intensity of rainfall. ^ mi • ■ -f-ir ir 

excess o?rTnK“ fSnfat rfempSte 
seen from Table 2. 

Table 2 

Rainjall in some of the temperate and tropical countries 


Iiitenfiity 
, of 

rainfftll 


Average 
number of 
rainy days 


Average 

annual 

rainfall 


1, India 
% Ceylon 
S. Burma 

4. Scotland 

5. Ireland 

6. England & Wales 


?^r2»T 

preoipilbtioB. In addition to 7 ‘iT’is“SS“ th?t on an average, 

SS“? ™.off t“»a? S?I™aabK it i. likely that on acjiunt of the fiat natnre of 
the land and the medium intensity .of rainfall the losses must not be very gr 

TEMPERATTJEE* 

TPTTinprature is as important a factor in soil formation as rainfall. It influences 

' Ster thal in tenperate Lnes, and nine times faster than in the arctic (Jenny, 1941). 

In Bombay State, temperature shows considerable seasonal, diurnal 

fs muaUv reached in May. With the onset of the monsoon in June there is a drop m 
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The drop in temperature continues till Septem1)er but 
0Sober~after the close of the monsoon. The rise in nmxininni ten 

in May except in Kolikau wlicre October 

With the advent of the cold weather in 
temperatures throughout the vState. The iall cont 


maximum temperature. 

■slight.:riBe ill ,r-, ^ . .. . .. , , . .. 

in October is, however, never as great as 
the maximum temperature of the year, 
there is a Mi in maximum r 
January. 

The minimum temperature also shows considerable seasonal variation, it Digins 

to rm fr?m January oiLrds and is highest in the month of May or Juno. It mnaius 
Ipss constant at this hi^h level throughout the monsoon months from June to 
September From October onwWs, it begins to fell and the lowest minimum temperature 

is dually reached in December in the Deccan and Karnatak and m January ui Oujatab 

and Konkan. 

The ra.n«e of variation m both maximum and minimum temperatures is the least 
in Konkan and the greatest in Gujarat. Of the other two regiotis, karuatak is more 
equable than the Deccan. On account of it.s proximity to the sea, Konkan enjoys a more 
eouabie climate as far as temperature is concerned. It is the least hot region in summer 
and the least cold in cold weather. Gujarat, on the other hand, experieiiees extrem^ oi 
temperatures. It is the hottest region in summer and the pldcst m cold weather. 
Whereas the mean absolute maximum temperature is 102 I in Kwikan, it ranges irom 
109° F to 118° F in the Deccan and Karnatak and is as high as 122 F in Gujarat. _ J ne 
change of temperature in the course of the year is the greatest in Gujarat which is the 
driest region of the State and the least in Konkan, the most humid region. 

The diurnal variation in temperature much exceeds that experienced in temperate 

regions Table 4 shows that it is the least in monsoon from June to September and is 

the greatest in cold season from December to March. Again Konkan shows the lowest 
diurnal variation. 


Table 4 


Mean diurnal mrmticn in temperature 


Jan. I Feb. 1 Mar. I Apr. | May j June I J uly j Aug. I Sep. j Oct. Nov. Dec 


Gujarat 


Teeaa 

Surat 


Deccan 


Malegaon 

Poona 


^Karnaiak 
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the climate oe 


humidity 

itlilv relative humidity (per cent) for a 

dfver! ty in regional and seascmal 
: less humkl than the other two regions, 
:eMive humidity 74. In 

wiSpSl 


TABI.E 5 

relative humidity 

(Average of readings at 8 hr. an 
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of Agricultural Meteorology, Poona, 
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BTAPOEATIOH^ . 

Evaporation has a very important bearing on the processes of soil forinatioii* It 
is the rc^sultaiit of a number of meteorological factors and hence , gives a very good idea of 
the nature of climate of a given,' place or '.region., , 

Measurements of evai)oration from free- water surface, in this country were not 
recorded till very rccjentiy. Hence no data giving direct evaporation, measurements are 
available. Roman, and Hatakopan (1035) have calculated evaporation from other meteorolo- 
gical factors like temperature, wind, humidity, etc., which have been recorded for a number 
of statio3is in this country over a long period. In Table 6 are given the figures so calculat- 
ed for evapr>ration from free water surface at a few stations in the Bombay State. The 
Department of Agricultural Meteorology, Poona, has started direct measurement of 
evaporation from jPicho evaporimeter during the last three years. The figures so obtained, 
after conversion into the U.S. A. standard evaporation from free water surface* are also 
included in Table 6. Though the number of stations for which the data is available is very 
limited, it may be concluded in general that considerable evaporation takes place over 
almost the whole of the Bombay State. It is the greatest in Gujarat and the Deccan 
where evaporation is more than 100 inches per year, and the lowest in Konkan, It is 
usually high from March to May or June which is the hottest period of the year. With 
the advent of the monsoon in June there is a sudden check in the rate of evaporation. 
As the monsoon retreats, the rate of evaporation increases from October onwards and 
remains more or less steady upto February, 

This high rate of evaporation is in marked contrast to that in temperate regions. 
The annual average evaporation from free w^ater surface recorded at a few stations in 
England varies from 15 to 19 inches (Table 7). The annuah evaporation in temperate 
regions is usually less than the annual rainfall except in years of drought. 

Table 7 


Evaporation in England ** 



Annual 

average 

evaporation. 

Annual 

average 

rainfall 

EP ratio 

Otterbouriie 

(inch) 

10.71 

(inch) 

30.7 

0.64 

Ormsby St. Miehao! 

17.26 

25.Sf 

0.68 

Barticjy j 

17.1,9 

34.4 

0.50 

Southport ! 

15.82 

32.0 

0.49 

: ' Ardsley ■ 

17.59 i 

25.4 

0.69 

Lower Laith© 

15.10 


. — 

„ Harrogate i 

10.53 

32.8§ 

0.59 


♦^Takcii from British R,ain,falb 1050, 
f Average for the county. 
fFor 1050. 

§ Average for 12 Stations. 


♦The figures were kindly supplied by the Biwetor of Agricultural Meteorology, Foons. 
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evaporation— PBECIPITATION RATIO 

It is evident from the evaporation-precipitation ratio given in lubk' 0 that 
evaporatL from free water surface is from two to six times as heavy as ra.nialk 
imeater nart of the State. It is only in the Konian that it is equal to oi h'ss than the. 
rainfall.^ Judging from this ratio, the rain in Konkan is likely to he most j facient in 
leaching the soils and least efficient in north Gujarat and the east Deccan jikiteau. . ^ _ 
in monsoon months when the rate of evaporation is considerably 

all over the State except in the Konhan and in areas, hkt Bclgamn, acijoiuing tiie 
Wescern Ghats. 


TATiT.tn 8 
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— , 
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20 

Poona 

27 

Satara ] 

44 
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26 
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38 
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26 
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20 
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17' 
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33 
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24 

Belgaum 

65 

Konkan 


Bombay 

67 
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CLIMATIC ZONES 


Many attempts have been made to devise schemes for correlating eUniato with the 
nature of soil developed in a given region. Climate is such a complex phenomenon that no 
single numerical value can be assigned to it. In spite of its complexity, tlic two dominant 
climatic elements, viz., precipitation and temperature, have been used by various workers 
to study the effect of climate on soil development. Some of the single \'alues calculated 
from the climatic data available for a few stations in the Bombay State are given in 
Table 8. 


Lang has proposed the use of Rain Factor. It is obtained by dividing mcain 
aimual precipitation in millimeters by mean annual temperature in degrees Centigrade. 
The distribution of the stations according to Langes Rain Factor is shown in Fig, 3. The 
whole State can he divided into three climatic regions: (1) the eastern tract having the 
Rain Factor 0 — 40, (2) the middle tract having the Rain Factor 40 — 60 and (3) the western 
tract having the Rain Factor 60-100. All stations to the north and east of the 40 iso-RIf 
line which extends from Baroda in the north to Dharwar in the south lie in a semi-arid 
zone. A thin arid zone having the Pvain Factor less than 20 seems to run along the wisole 
length of the Deccan plateau from Dhulia in the north to Kaladgi in the south. The whole 
of the -western coast from Surat downwards has a feebly humid to semi-humid climate. 
The rest of the area lying between 40 and 60 iso-RF lines may be said to have a feebly arid 
climate. 


Meyer has proposed NS quotient* for correlating climatic zones -wdth soil groups. 
It is obtained by dividing the mean annual precipitation in millimeters by the absolute 
saturation deficit of air (millimeters mercury). According to his classification which is 
applicable mainly to temperate regions, regions having NS quotient less than 100 have 
a desert or arid climate. An NS quotient of 200 is taken as the boundary between arid 
and humid zones. The distribution of the stations in the Bombay State according to the 
NS quotient followKS more or less the same pattern as Lang’s Rain Factor. 


The precipitation-evaporation ratio has been used by some workers for the classifi- 
cation of climates. Vilensky (quoted by Jenny, 1941) has developed a climatic classifica- 
tion based on P:E ratio as under : — 


F: £ ratio 


Climatic zone 


0.00-0.25 

0.25-0.75 

0.75-1.25 

1.25-1.75 

1.75-2.25 


Arid 

Semi- arid 
Feebly arid 
Semi-humid 
Humid 


Most of the stations in the Bombay State have a P : E ratio less than 0.75 indicat- 
ing an arid to semi- arid climate. They lie in a region which corresponds to the area nortli 
and east of the 40 iso-RF line in Fig. 3. As the number of stations for w^hicli the data 
in the rest of the area is available is too small it is not possible to demarcate the climatic 
zones in the rest of the State more clearly. 


*N iedorschlag/Sattigungsdefiz i t 
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classification based on precipitation effeetir. 
” index) as under : 

Climatic zone 
Arid 

Semi-arid 
Dry sub-humid 
Moist sub-humid 
Humid 
Wet 


, 1 - tn his clasdfication the State can be divided ^Stornmoat region 

to have a humid climate. into three more or less well 

AE the four systems of classification divide the State t 

throughout its length. 
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